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Foundational Science Capabilities

We have incorporated many implicit and explicit Foundational Science
Capabilities components (functional interpretations of the Nature of
Science strand) both within our 80 minute Science Roadshow visit
experience (exhibits and shows) and within this Resource Book. And,
we have an exhibit theme called ‘Observations’.

New resources to support science education

We would like to draw your attention to a new range of resources for
science teaching made available through the TKI site at:
www.scienceonline.tki.org.nz. More than sixty existing resources
are adapted to meet the needs of the science curriculum based
around the five Foundational Science Capabilities (that link to the key
competencies of the New Zealand Curriculum) and relevant
Nature of Science concepts.

Sir Paul Callaghan Science Academy endorsement

Research gives us very clear pointers to the components of best practice
science instruction. Key aspects are incorporated within this resource
book, namely: a strong emphasis on explicit teaching of the Nature of
Science (through the Science Capabilities), the 5 Es Instructional Model
that is based on a constructivist view of learning, good questions
leading to good investigations, and, a student-directed learning
approach in which students are coached towards more and more
opened ended forms of scientific inquiry. These practices are endorsed
by the Sir Paul Callaghan Science Academy and are fundamental to
creating critical-thinking, innovative students who will become part of
a science savvy public.
More information about the Sir Paul Callaghan Science Academy is
found on the back cover of this book.

Numeracy and literacy

Many numeracy and literacy opportunities exist within the Science
Roadshow programme, both during the visit experience and within
this Resource Book. In particular, shows, science experiments and
activities, challenges, interactive exhibits and the Unit of Work found
in this Resource Book are all contextual frameworks within which
the teacher can present integrated programmes.
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Resource Book prepared by Peter E. Smith
(Education Manager, National Science-Technology Roadshow Trust)
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Electricity

SCIENCE VOCABULARY PUZZLE

Electrical components

Electrical components

Find the answer to the puzzle statement below about electricity. Your clues are in the table. For each of the terms
down the left column find the matching picture along the top of the table. Circle the letter in the box where their rows
and columns meet.
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Puzzle statement:

The Academy offers a fresh approach to equipping primary and intermediate
school teachers with skills, resources and techniques to feel more confident in
delivering the science curriculum — especially the Nature of Science strand —
through an intensive, four-day programme.

Electricity only
o s through2017
a Academy Dates:
Timaru
Tues 18 – Fri 21 April (school holidays)
The academy opened my eyes
Rotorua Tues 11 – Fri 14 July (school holidays)
complete
c uof thinking.
.
to a whole new way
Wellington Tues 18 – Fri 21 July (school holidays)
www.scienceacademy.co.nz
© 2017 The National Science-Technology Roadshow Trust.

Auckland Tues 22 – Fri 25 August
Christchurch Tues 12 – Fri 15 September
Hamilton Tues 3 – Fri 6 October (school holidays)
Gisborne Tues 10 – Fri 13 October (school holidays)
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Gravity

SCIENCE VOCABULARY PUZZLE

Gravity secrets

Can you decode the secret message about gravity using the alphabet box below? Hint: Each letter of the alphabet in
the box has two letters as part of its code — the first letter is from along the top of the grid and the second letter is
from along the side, e.g. p = zi.

Alphabet box

a
e
i
o
u

Secret message about gravity:
ke

pi ka zo be lo ku

be ko

ka

pa bi

k
a
g
m
s
y

l
b
h
n
t
z

b
c
i
o
u

z
d
j
p
v

n
e
k
q
w

p
f
l
r
x

pi ba na

G
lo

le

ka

lo

za be ko lo

ka

ka ba lo ko

bi

li

be lo

ba na

.

.
ka

zi

bo pe pe

pa bi

zo na pi

be ko

ka

ka pe no ka ku ko

I
pi ba na

.

.
Use the alphabet box to make a secret code for this sentence about gravity:
“The bigger a planet, the stronger the pull of gravity.”
Make up codes for words about other types of forces, e.g. magnetism, and have your friends solve your puzzles.
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Heat

SCIENCE VOCABULARY PUZZLE

Heat it up!

Use the clues to complete the crossword on heat and temperature. Some letter clues are given.
1

2

3

g

Clues

4

5

Across
1) Tiny bits of matter.

6

t

4) A measure of how hot or cold 		
something is.

d
7

8

z

9

7) The coldest temperature possible is
absolute ________.

10

13) Not cold, but almost.

11
12

b

a

14) Heat and light coming from the sun.

13

h

15) When a liquid turns into a gas due to
heating.

14

15

o

16) The major source of heat energy on Earth.
16

17) Tiny particles.
18) The temperature today is 29 __________
Celsius.

18

20) Material that stops heat from moving
from one place to another.

19
20
21

21) Red hot steel is not as hot as ________
hot steel.
23) When heat is moved from one place to
another by a fluid, for example air or water.

d
17

22

23

o

24

24) This happens to water at 100 degrees
Celsius.

Down
2) A temperature measuring device.

10) An old scale used to measure temperature. Still used in USA.

3) Heat and steam coming from the ground.

11) The scale used in NZ to measure temperature.

5) Moves heat by electromagnetic waves.

12) Where all Earth’s heat ends up eventually.

6) Most heat is lost from our homes through the ceiling and ______.

13) Heat is passed from one object to another by direct contact.

8) When particles jiggle, they ________.

19) Heat is a form of this. So is light.

9) A type of insulation used in house ceilings.

22) The opposite to cold.

A visit to the Science Roadshow is a fun, exciting and interactive
learning experience of science for children.
It includes live shows and hands-on exhibits that broaden students knowledge
of science, technology, engineering and mathematics. It strongly supports the
Nature of Science strand and the Five Foundational Science Capabilities.
Each year our shows, themes and exhibits change, so there's always something
new for students to learn and engage with.

Book online: www.roadshow.org
© 2017 The National Science-Technology Roadshow Trust.
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Human performance

SCIENCE VOCABULARY PUZZLE

Human performance

Fill in the grid with the words from the list. Some letters are given as clues. There are not enough words to finish
the grid, so complete the two statements about human performance to find the two final words.

Word list

1

2

3

Tendon

Agility

Joint

Hands

Flex

Reflexes

Hips

Coordination

Grasp

Tibia

Radius

Strength

Femur

Arm

Nerves

Spine

Fibula

Feet

Movement

Jump

Run

Catch

Twitch

Vertebrae

Bones

Muscle

Learn

Speed

Ulna

Leg

5

4

o

f

6
8

7

9

12

r

10

p

13

i

14
15

17

11

16

r

b
18

p

20

21

t

19

m

22
23
24
25
26

b
27

u

28

n

g

Statements about human performance
1. The

coordinates the body’s activities.

2. The

is a framework for muscles to attach to.
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Features

Capabilities

• Over 78sqm of environmentally controlled
open space (no pillars), with carpet, built in
lighting, and air-conditioning
• Easy access (including disabled) up ramp and
through toughened glass doors
• Onboard generator with external supply

• Almost anywhere at any time!
• Display and transport problems solved in
one go!
• Price competitive with hired marquees of
similar size.
• Easily branded for one-off or repeat usage.

mounted single phase points
• Large travel load capacity and storage
• Security alarmed
• Separate staff area

www.upv.co.nz
© 2017 The National Science-Technology Roadshow Trust.

Magnetism

SCIENCE VOCABULARY PUZZLE

Magnetism

Find 31 hidden words or two word phrases about magnetism in the grid below. Twenty five of the words or phrases
are given to the right. Can you find all 25 plus the six extra mystery words? The words can be found diagonally,
vertically and horizontally, and some words may be reversed.

Word list
Ferrite, iron, north,
magnet, magnetised,
demagnetised, pull,
compass, poles,
maps, horseshoe,
distance, magnetite,
force, south, iron
filings, push,
magnetic south,
bar, permanent,
declination,
repel, navigation,
electromagnet,
attract.

Extra six
mystery
words (list):
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Observations

SCIENCE VOCABULARY PUZZLE

Powers of observation

Good observations are very important in science. Look at these three pairs of diagrams and mark as many differences
in them as you can find. The microscopes have six differences, the brains have five and the spacecraft have six.

Compound microscope

Human brain

Salyut and Soyuz spacecraft
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Electricity

INVESTIGATION

Squishy circuits
Learning intentions

Science Capabilities: Gathering and interpreting data.
Physical World: Conducting substances can be used to connect circuits.

Teacher: Engagement activity ideas
Demonstrate a simple squishy circuit
and how components can be ‘plugged
in’ simply by pushing them into the
dough. Make up the two types of
dough as a class, emphasising the
measuring aspects and how the salt is
for conducting.

Engage

What to do

Making circuits:
1. Roll dough to about 1 cm in diameter and as long as you want. Push
the various components into the dough, as shown below. Note, keep
any components at least 1 cm away from the battery leads, else you
may burn them
Strips of conducting dough.
out.

Explore

Buzzer

Insulating dough

Squishy circuits are electrical circuits made using two different types of
home made ‘play dough’, one that is a conductor of electricity and one
that is an insulator. The conducting dough can be used to make ‘wires’
that carry (conduct) electricity; insulating dough is used to stop electricity
flowing to parts of the circuit. Components — power sources (e.g. 9 V
battery), LEDs, buzzers and motors are simply pushed into the dough
to make different circuits. Google search ‘Squishy circuits St Thomas’ for
details. The website has great support material.

2. Explore making
other circuits
and combining
the components.
Some examples
are given to the
left, and more
can be viewed on
the website.

© 2017 The National Science-Technology Roadshow Trust.

Explain

LED. Note,
the longer
leg of the
LED goes to
the positive
side of the
battery.

3. Observe carefully
and make up
Simple circuit made using two strips of conducting dough. Leads from
the 9 V battery are pushed into the dough to supply electricity. To
rules about
complete the circuit, the LED ‘arms’ bridge the gap between the dough
the way the
strips. (Note, the LED must be around the correct way.)
components
work. Use evidence from your trials to support your ideas.

Share your observations and rules
4. Compare your list of observations and rules with other groups. Did
your group list any that the other group did not have?
Going further

Evaluate

Motor

Key School Journal References:
Electric map BONALLACK, John Article Connected
3 1998. Power TAYLOR, Alex Article 4 Level 2
Aug 2011. A new life for old machines HIPKINS,
Rosemary Article Connected 3 2007. Harnessing
the wind TODD, Ian Article 7 Connected 03 2010.

Battery. (Note
that 6 volts is
ideal, but this
9 volt battery
will do.)

Elaborate

Making rules

Each is about 1 cm diameter.

5. Find out how these circuits are similar to real everyday circuits that we
use, e.g. in torches, door bells, etc. Make up some real circuits using
wires instead of dough.
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Gravity

CHALLENGE

Flying rolls
Learning intentions Science Capabilities: Gather and interpret data from flying rollers. Fair tests.		
			Physical World: Flight and the forces acting on a flying object.			

Challenge 1
Test flights exploration

Setting the scene
Like other flying objects such
as tennis balls, flying ‘rolls’
behave in interesting ways
because of the forces acting on
them. This challenge involves
investigating these forces.

• Do some test flights to see what happens. Try different rolls and
different elastic.
• Make as many observations as you can. What happens when you
release it crooked?
• What happens if you stretch the elastic tighter as you wind it
around the roll?
• What happens when you wind it more times?

Challenge 2
Fair tests
Set up some fair tests to find out what causes:
1) straighter flight

Examples of rolls (cylinders) that will fly:
cardboard rolls from inside Glad Wrap and toilet
paper, and, a thick shake straw.

Start by attaching a length of
elastic to one end of a table
ensuring that 1 m can be laid
on top of the table.
Wind the free end of the elastic
about seven times
around the roll,
starting like this
and stretching it
as you do so.
Roll the elastic around the
cylinder stretching it as you do so.

Table

Tie elastic
under lip
of table

Hold the roll flat and straight
on the table and let go. Watch it
spin and fly!

Key School Journal References:
Round-the pole flying BROUGH, Murray Article 8 04 2 1997.
Manu tukutuku KAWANA, Manu Article Connected 2 2002.
Make a spinner BUXTON, Jane Article Connected 1 1999.
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2) longer flight
3) higher flight
4) downward flight.

Challenge 3
More careful fair tests
Think carefully about how you have set up your fair tests. What
things — called variables — do you need to keep the same? List them.
What is the one thing you are changing for each fair test? Think about
how many repeat tests you have done for each test. Is one enough?

Give your recommendations
Describe what setup gives the longest flight. What evidence have you
collected that supports your ideas? Share your ideas.
Research into what forces are involved in roller flight.

Key ‘Building Science Concepts’ references: Book 17 Flight: Control in the Air L1-4. Book 34
Parachutes: Floating and Falling in Air L3-4.
© 2017 The National Science-Technology Roadshow Trust.

Heat

CHALLENGE

Popping balloons

Learning intentions Science Capabilities: Gather and interpret data. 						
			Physical World and Material World: Heat and burning.

Challenge 1
Does water make a difference?
Put as much water as you can inside the balloon before you blow
it up and tie it off. Now, see if the balloon pops at the same height
above the flame as it did before.

Observe and record
Just for a second or two, see how close you can lower the same
balloon towards the flame without it popping.

Setting the scene
We all know that a pin will pop
a balloon. Usually a flame from
a candle will also pop a balloon.
But, not always. Let’s investigate
when and why.
Blow up a balloon and light a
candle. Wearing safety glasses,
hold the balloon well above
the candle and slowly bring it
downwards till it pops.

Slowly move
the balloon
down
towards the
candle flame.

Challenge 2
How close for how long?
With a water-filled balloon, find out how long it will
last over the flame. You decide on how high you will
hold it (and how you will catch the spilling water when
it does pop!)
Can you find some other substance that you can put
inside your balloon to reduce its chances of popping?
Warning: do not use anything that is flammable.

Making it accurate
Figure out a way of recording your method and findings
accurately so that if someone else tried to repeat your
test, they would probably get similar findings as you.

Challenge 3
Can your result be repeated?
Take note of how far the balloon
was from the flame when it
popped.

Good science is repeatable. Give your method and findings to another
group and see if they get similar results as you. Explain why they did
or did not get similar results to your group.

Simple laws
Make up some simple scientific laws about balloon popping.

Key ‘Building Science Concepts’ references:
Book 64 Candles: Investigating Combustion L3-4.
© 2017 The National Science-Technology Roadshow Trust.
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Human performance

CHALLENGE

Smell testing
Learning intentions Science Capabilities: Make observations and inferences relating to smell.			
		
		

Living World: Can we tell one smell from another? How many smells can we recognise?

Challenge 1
Make a collection of smells
Place five or six ‘smelly’ substances in different containers and cover
each with foil held in place with rubber bands. Warning: Make sure
you only use safe substances and because of allergies, do NOT use
peanuts. How will you keep track of what is in each container?

Test your own smelling ability
Mix the containers up so you can’t tell what is inside each. Smell each
container and record what you think is inside. Don’t check them till you
have completed the lot. Find a way of marking (or rating) yourself on
your ability to name the smells correctly.

Challenge 2

Setting the scene
Our sense of smell is important
for our survival. It helps us to
detect things that will help us,
e.g. what is safe to eat like fresh
fruit; and what things might
harm us, e.g. decaying fish.
Place a substance to smell in a
container then place aluminium
foil over the top and hold it in
place with a rubber band. Make
some small holes in the foil. Or,
if your containers have lids that
you can’t see through, make
holes directly in them.

Testing another person
Test other people with the same collection of smells you used
above, again starting with them mixed up. Don’t even tell them
the selection of smells they are being tested on. Mark or rate
them using the same method you used above. Also record the
smells they like and dislike.

Making sure it’s a fair test
Before you test other people with your set of smells, how are
you going to make sure your test is fair? That is, how do you
ensure the only thing that changes from one test to the next is
the person being tested?

Challenge 3
How many smells can we
recognise?
Ask someone to smell the top of
the container. Can they describe
the smell? Can they name what
they are smelling?

Make a bigger smell collection and find a
way of testing how many different smells
a person can detect correctly. Collect data
from lots of people to get an average.

About smell
Key School Journal References:
Super Senses COMESKEY, Matt Article 4 Connected L2 2014.
Mahina-arangi’s perfume PIRIPI, Rawiri Story Connected 3
2002. Mmm, That’s Tasty! GARDNER, Neville Article 6 Level
3 Jun 2012.
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Dogs favour their sense of smell.
Why?

Find out about how we smell things. Also,
find out about how the human sense of
smell compares with other animals like dogs, cats and budgies.

© 2017 The National Science-Technology Roadshow Trust.

Magnetism

INVESTIGATION

Magnetic pendulum
Learning intentions

Science Capabilities: Observations and inferences.
Physical World: Magnetic forces.

What to do

Example
Observation: “I feel the two magnets
push apart.”

From past experience: “I know that
when ‘like’ poles of a magnet are
pointed at each other, e.g. north facing
north, they will push apart.

Inference: Like poles must be facing
each other. The poles could be either:
north facing north, or, south facing
south.

Explore 					

“A conclusion reached on the basis of
evidence and reasoning”

Explain

What is an inference?

Step 4: Use string to hang the
pendulum so it is 1–2 cm from the
tabletop.

Spinning an egg on a hard, flat surface.

Step 3: Glue a magnet to the bottom end of a kebab stick to make a pendulum.
Cut the kebab stick so that with the string included, it hangs 1–2 cm from the tabletop.

2. Tape another circular magnet firmly onto the tabletop like this and
place your pyramid directly
overtop of it. There should
be a gap of about 1 cm
between the two magnets.
3. Swing the pendulum and
observe what happens. List
your observations. How
long will it behave like this?
Why does this happen?

Magnet taped to table.

Pendulum magnet hanging
about 1 cm above the other
magnet taped to the table.

Observations and inferences
4. Turn the bottom magnet upside down and re-tape it to the table.
Observe and list what happens when you swing the pendulum over it now.
Discuss inferences. Can you now make inferences about what happened?

Elaborate

Teacher: Engagement activity ideas
Show students how a pendulum
works. (Use a weight attached to a
piece of string.) Discuss how they
swing and that they are so reliable
that the timing of clocks used to be
based on them.

Step 2: Join three uprights to the
triangular base using rubber
bands, then join them at the top.

Step 1: Create a triangular base with three
kebab sticks joined by rubber bands.

Share your observations and rules

Evaluate

Ceramic magnet.
Even better are
ones with holes in
their centres.

Engage

1. Use the instructions in this picture to build a magnetic pyramid

6. Investigate further to see if your inferences were correct.

5. Compare your list of observations with those of another group.
Did your group list any that the other group did not have?
7. Find out more about magnetism and magnetic field lines. Where are
magnets used? Find out more about pendulums too. Share your findings.

Key ‘Building Science Concepts’ references:
Book 49 Invisible Forces: Magnetism and Static
Electricity L3-4.
© 2017 The National Science-Technology Roadshow Trust.

13

Observations

INVESTIGATION

Crime scene powder
Learning intentions
Science Capabilities: Observations. Gathering and interpreting data. Using
evidence.
Material World: Different substances can be identified by their chemical
and physical properties.

Engage

1. Start by creating a
‘reference collection’
of white powders or
crystals found in a
kitchen. Label all the
different substances
carefully. (This will be
useful in any future
crimes too.)

Explain

Teacher: Engagement activity ideas
Discuss crime scene investigations
and what police need to do to collect
evidence. Find out about Sherlock
Holmes.

Setting the scene
Some white powder was found at a crime scene and the police want to
know what it is. They think it is something from a kitchen pantry.
Can you help them find out?

Explore

What to do

There are many ways of showing or
telling others what you have done and
found. Ideas include: write a poem,
rap or song; create a poster; write a
newspaper article; do a demo or show,
with each person in your group playing
different parts; write a description or
report; draw a labelled picture; draw a
flow chart; use others as ‘guinea pigs’
to show how something works; mime
what you did; build a working model;
write a story; draw graphs; use photos
or a video; do a PowerPoint show.
Key School Journal Reference:
The case of the broken window SCHRODER, Margaret
Story 5 03 2 1997. DNA talks every time BENN,
Ken Article 5 Connected 02 2009. The reward
McDONELL, Anne. R Story 4 02 4 1997.
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3. Chemical properties: 1) What substances do they react with? Safe
chemicals to try are vinegar (an acid) or baking soda dissolved in water
(a base). 2) Which ones burn? (Caution: Adult supervision is needed.)
Testing the police’s sample
4. Your teacher will give you a sample of the powder found at the crime
scene. Can you now find out what it is? Remember for police work you
need to gather as much evidence as you can! So, give as many reasons
for your choice as you can. One bit of evidence is not enough!

Evaluate

Showing others:

Elaborate

Sherlock Holmes is a fictional private detective from
the 1880s and was known for his great observation
skills, forensic science, and logical reasoning — all
attributes of a good scientist!

2. Physical Properties:
Make careful
observations on each substance in your collection. You will need
to look at them in a variety of different lights and close up using
magnification if you can. Are they shiny or dull? Smell, taste and feel
them (rub them between your fingertips) too. Do ‘blind testing’ on
their taste and smell to find if these are reliable properties. Can you
measure or rank the size of the particles or crystals? Can you ‘measure’
how white they are by comparing them against something else? Which
ones dissolve in water? Are they clear or cloudy when dissolved? Which
ones melt when heated? (Caution: Adult supervision is needed.)
Build up and record as much information on each of them as you can,
adding your own ideas too.

Comparing with others
5. Scientist often work together. Find a good way to show and share your
choice with other groups. Do they agree with your evidence? Discuss
and debate your choice. Would you be confident to take your answer
to a court of law?

© 2017 The National Science-Technology Roadshow Trust.
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SCIENCE UNIT PLAN

Spectacular changes — Ngā panoni matū miharo
Topic: Spectacular changes: chemical and
physical change

Contexts/Strand
Material world

Science Concepts

Key Competencies

Key concepts relating to chemical and physical changes, including:
• chemical changes are nonreversible
• chemical changes occur when substances are changed from one
thing to another, either by splitting them or by recombining them in
different ways.
• chemical changes can either produce or use energy, for example,
burning releases heat.
• physical changes are reversible.
• physical changes include changes of state (solid— liquid—gas),
changes of colour, changes of structure (powder, crystal, etc.) and
dissolving and crystallisation.

Thinking
Students will use creative, critical and metacognitive processes to
make sense of information and experiences gained during this unit.
They will contribute to discussion with the teacher and peers and think
about and reflect on their experiences in order to shift their ideas
closer to the scientific ideas.

Achievement Aims

ICT

Nature of Science (NoS)
Approaches to the five
Foundational Science
Capabilities, namely 1. Gather
and interpret data, 2. Use
evidence, 3. Critique evidence, 4.
Interpret representations and 5.
Engage with science, are outlined
in the specific activities.

Contextual
Material World:
Properties and changes of matter:
Compare chemical and physical
changes.

Achievement Objectives
Nature of Science (NoS)
Levels 3–4
As above.

Values
Innovation, Inquiry & Curiosity
These values will be promoted through both teacher and student
discussion and questioning. The investigations planned give
opportunity for students to make their own choices and setting
concepts in a relevant context will promote students’ curiosity about
science concepts in their everyday lives.

Resources

School Journals and Building Science
Websites and YouTube
demonstrations as outlined Concepts books as outlined for given
activities.
in specific activities.
Resources as outlined with each activity.
Most items and consumables listed are
easily sourced from around the home or
at the supermarket.

The 5 Es
Contextual
Material World: Properties and
changes of matter
Levels 3&4
Compare chemical and physical
changes.

Follow good practice by presenting the science unit using the 5 Es
instructional model. Use the 5Es at both the macro level (the whole unit)
and at the micro level (for individual activities and investigations). In
summary (and see the web link www.enhancinged.wgbh.org/research/
eeeee.html for more detail):
Engage — ignite the students’ interest and enthusiasm.
Explore — give student time to play, explore, make mistakes and ask
questions.
Explain — teacher and students build an understanding of the
concepts.
Elaborate — students expand on the concepts they have learnt,
attempt to answer questions and link ideas to the real world.
Evaluate — an on-going diagnostic process where the teacher and
students clarify what they have learnt and what needs further work.

Answers and teacher guidance for pages 19–23
Lemon volcano p19: Challenge 1. Observations: Bubbles are formed that quickly pop,
creating a hissing sound. The reaction can be kept going by stirring and poking the
flesh of the lemon and by adding extra baking soda. Challenge 2. Add food colouring
which makes the products more obvious, and add detergent which traps the carbon
dioxide gas so a stream of bubbles forms. Challenge 3. Another substance that will react
with lemon juice is baking powder. Other substances that will react with baking soda or
a solution of baking soda and water are: vinegar (malt or white), citric acid, tartaric acid
and cream of tartar (slight reaction).
Overnight crystal garden p20: Challenge 1. Epsom salt crystals are long, rod-like,
square ended crystals. One option to measure crystal lengths is to create a ruler from a
long, thin strip of paper (say 10 cm long and 3 mm wide with millimetre lines marked on
it). Gently line it up alongside a crystal you want to measure. Challenge 2. Food colours
make the crystals more vivid and obvious. Clear containers are the best for viewing the
crystals. Challenge 3. The crystals usually grow longer during days 2 and 3 but don’t
seem to get any longer beyond that time. To determine this accurately it would be best
to measure (say) the longest 10 crystals you can find each day and average them.
Black snakes p21: 5) Observations might include: yellow-blue flame (or whatever
colour it is); a burnt sugar smell; brown-black ‘snake’ products growing out of the
powder; bubbling brown-black liquid around the base of the snakes; smoke production;
a sizzling sound; etc.
© 2017 The National Science-Technology Roadshow Trust.

7) Adjustments that could be made (during a fair testing process): type of flammable liquid
used; amount of flammable fluid; depth of the hole in the sand; the grain size of the sand;
the proportions of the ingredients; the total amount of powder used; etc. Share findings to
quickly learn what each variable does. 9) The chemical reactions: When icing sugar (which is
powdered sugar) burns it produces the carbon ash product that forms the snake. The ash is
made light and fluffy by carbon dioxide released as the baking soda is heated.
UV beads: p 22: 1) They turn different colours. On a bright day they will change in less
than 2 seconds. On duller days this will be longer. 2) Could try fluoros, LEDs, tungsten,
torches, computer monitors, shady areas, cloudy days, etc. 3) UV sources. These need to
be direct, not indirect like passing through a pane of glass. Reflected sunlight will work,
e.g. reflected off clouds or white sand. 4) Things that block UV include: acrylic, glass,
sunblock (e.g. smeared on a plastic bag), cotton, sail cloth, etc. 5) The best UV blockers
are opaque, that is, materials that let no light through, e.g. canvas hats. Water, clear
plastic and clouds don’t protect you much.
Curdling milk p23: Challenge 1. Vinegar causes curdling. Challenge 2. Will cause
curdling: white vinegar, malt vinegar, tartaric acid, citric acid. Won’t cause curdling:
baking soda, salt, flour. To do fair tests: use the same quantities of ingredients, use milk
at the same temperature, stir the same number of times, etc. Challenge 3. With a known
curdling substance, try using half, quarter or less. If it still curdles it would save money
and reduce the chance of tainting the curdle.
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SCIENCE UNIT PLAN

Specific learning intentions and activities
Endorsed by the Sir Paul Callaghan Science Academy, the following assumptions apply:
a) The 5Es instructional model is used in all sections (see details on previous page).
b) Student-directed learning is encouraged through teaching key techniques and approaches at the start of lessons/sections, then allowing
students to build on these techniques through their own more open-ended lines of inquiry.
c) Nature of Science (NoS) components (and therefore the recently launched Five Foundational Science Capabilities) are inherent — as they are
mandatory — and here we treat them in an explicit manner. Aspects of Science Capabilities are emphasised using bold italic script.
A combination of these approaches encourages skill development and Nature of Science (NoS) understanding, while the ‘Spectacular Changes’
context plays a supporting role. That is, the emphasis is less on traditional content coverage, and more on the Nature of Science and Capabilities.
Note, you do NOT need to cover all sections — as there are a large number of ideas presented here. The most valuable learning occurs when
some areas are pursued deeply. This is especially important for Years 7 & 8 and older students.

Specific Learning Intentions Learning Activities through 5Es model
Foundational Science Capabilities
(that are a functional interpretation
of the Nature of Science, see TKI
Science: www.scienceonline.tki.
org.nz/Introducing-five-sciencecapabilities
Gather and interpret data:
Learners make careful observations
and differentiate between
observation and inference.
Use evidence:
Learners support their ideas with
evidence and look for evidence
supporting others’ explanations.
Critique evidence:
Learners understand how to
critically appraise the quality of
evidence and the validity and
‘fairness’ of methods.
Interpret representations:
Learners (and scientists) are able
to represent their ideas in a variety
of ways, including models, graphs,
charts, diagrams and written texts.
Engage with science:
Students use their other capabilities
to engage with science in ‘real life’
contexts.
Content
Content ideas will be specific to
those investigations you choose to
do. All activities are well supported
with online content information.
Initially see the YouTube clips listed
for each activity.
Lemon Volcano:
Citric acid and baking soda react to
produce carbon dioxide gas. This is a
chemical change.
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ENGAGE
Ignition activities
Explore some of these simple investigations relating to chemical and physical change:
• Dissolving: Dissolve Raro crystals to make a drinkable solution. Can you get the crystals back? [Yes it is
reversible, by evaporating the liquid. Physical change.]
• Grow crystals: Make a concentrated table salt solution and pour a small amount into clean black meat
trays. Leave the trays in different situations so the liquid evaporates — fridge, shade, a sunny windowsill
— and compare crystal formation over several days. Can you reverse this change? [Yes. = Physical
change.]
• Make coloured solutions: Use food colouring and water to make different coloured solutions.
Combine them in different proportions to make new colours. What proportions are needed to produce
given colours? Can you repeat your combinations and get the same colours again? Starting with a
single colour, can you get the original pigment back out of the solution? [Yes, by evaporation = physical
change.]
• React two chemicals: Place a teaspoon of baking soda and a teaspoon of citric acid and some water
in a small zip-top plastic bag. Zip it up and feel the bag. Is there a temperature change? Put in on the
ground and watch it pop. (Caution: Can be messy, so go outside to a lawn area.) What gas is made? Are
there new substances produced? [A chemical change that uses heat (the bag feels cold) and produces
new substances including carbon dioxide gas. Non-reversible. = Chemical change.]
• Burn something: Make careful observations of a burning candle and/or a burning piece of paper. (=
Combustion) (Caution: adult supervision required and watch that smoke alarms are not set off!) What
did you start with and what did you end up with? Hold a clean piece of glass above the flame to see
soot and (hopefully) condensation which are both new products. Can you get the original substances
back? [No, it is non-reversible. = Chemical change.]

EXPLORE, EXPLAIN AND ELABORATE
Perform each of the following investigations or challenges. Each one gives ample opportunity for children
to explore, seek explanations and then elaborate by branching out into student-lead investigations based
around their own questions. It is suggested that you make one or more of the Five Science Capabilities
explicit during your lessons.
Lemon volcano
• Discover ideas relating to chemical change from this unexpected source of acid. Lemons contain citric
acid which gives them their ‘acid bite’ to the taste. The acid is contained within cells inside the flesh
of the lemon. When you slice off the top and bring baking soda into contact with the acid a chemical
reaction occurs that results in the release of carbon dioxide gas that is seen as bubbles. Students can
make observations and inferences about what causes the reaction. To allow more baking soda to
come into contact with citric acid, gently probe and stir the lemon flesh. It will increase the duration of
the reaction with more bubbles being released. Adding more baking soda will also keep the reaction
going longer. Food colouring can be used to give a better visual effect, while a few drops of detergent
will enable the bubbles to be trapped with a resultant ‘stream’ of bubbles spewing out of the ‘volcano’.
This is a nonreversible change, so it a chemical change. [Lemon volcano Challenge sheet]
• Website: www.babbledabbledo.com/science-activity-kids-lemon-volcano/
• YouTube: www.youtube.com/watch?v=a08STcy32o0

© 2017 The National Science-Technology Roadshow Trust.

Specific Learning Intentions Learning Activities through 5Es model
Content (cont.)
Overnight crystal garden: Crystal
formation is a physical change that
is influenced by many variables.
Black snakes: The burning of sugar
is a chemical change that produces
carbon-like end products.
UV beads: Changes in the colour
of UV beads in the presence or
absence of UV light is reversible, so
it is a physical change.
Curdling milk: Milk forms curdle
in the presence of acid. This is a
chemical change that combines
milk protein into casein (which has
many end uses).
[Theory notes titled ’Spectacular
Science’ and ‘Science is About’,
see over page.]

Vocabulary:
NoS: see keyword list on p24.
Content: Acid, baking soda, carbon
dioxide, chemical change, citric
acid, colour, combine, combustion,
concentrate, condensation, crystal,
curdle, detect, dissolve, Epsom salt,
evaporate, formation, gas, liquid,
magnesium sulphate, nonreversible,
physical change, pigment, product,
property, proportion, rate, react,
reaction, rennet, reversible, solution,
soot, teaspoon, temperature,
ultraviolet, vinegar

Overnight crystal garden
• Crystals of various types are generally easy to grow, but they usually take several days. However, one
substance, Epsom salt (magnesium sulphate) forms crystals very quickly — overnight is sufficient. This
speed of growth presents opportunities for performing various investigations by changing one variable
at a time (= fair tests). Will crystals form in the fridge, freezer, on a windowsill, in shade, in the sun,
etc? What if you change the proportions of water to Epsom salt? Critique your methods of fair testing.
Students can also make close-up observations of the characteristic rod-like crystal shapes. Measure
how many millimetres they grow per day. Can you colourize the crystals? Can you reverse this change?
Crystal formation is a physical change, so yes it can be reversed by re-dissolving the crystals you have
created. [Overnight crystal garden Challenge sheet]
• Website: www.babbledabbledo.com/science-for-kids-crystal-garden/
• YouTube: Try other forms of crystal making, e.g. www.youtube.com/watch?v=xtrLa3rHHVk
Black snakes
• Black snakes are a YouTube sensation, but there is good science behind what is happening. When a
mixture of baking soda and sugar is burnt, a black carbon-like substance is created in the form of a
‘black snake’. Sometimes multiple snakes arise. Sometimes little happens at all. Some are spectacular.
Can students use fair tests to find how to create the largest snake? Does the type of sugar (icing, caster,
table, brown) make a difference? Does the shape of the mixture pile or the size of the hollow make a
difference? Does more ventilation make a difference? [Black snakes Investigation sheet]
• YouTube: www.youtube.com/watch?v=Hibxz9_ZW18
UV beads
• UV beads change from white to colourful in the presence of UV light. They are most influenced by the
UVB part of the spectrum that is also the major cause of sunburn and skin cancer. They change back to
white in the absence of UV light. So (for the purposes of primary school science) this is a physical change.
It is reversible. UV beads can be used to detect sources of UV light, what materials and substances
will block out UV light and how strong a UV light source is. They are best used for comparisons and
simple fair tests — one lot of beads is put in a given situation at the same time as another lot is put in a
contrasting situation (with only one variable changed each time). The rate at which they change colour
is compared directly. For example, place some beads directly in the sun while at the same time place
another lot in the sun, but behind glass. [UV beads Investigation sheet]
• YouTube: www.youtube.com/watch?v=hefhyXckVCQ
Curdling milk
• When malt vinegar (which contains acetic acid) is added to warm milk, the milk instantly forms into
lumps (called curdle) separated by a liquid substance. This process is called curdling. [Curdling milk
Challenge sheet] There are lots of potential fair tests and observations:
• What other types of acids such as white vinegar (contains acetic acid), citric acid, tartaric acid and
dilute hydrochloric acid cause curdling?
• What is the minimum amount of acid required in each case?
• Do different types of milk form lumpier curdle?
• At what temperature does curdling occur the quickest?
• Can you intentionally make curdle without ‘tainting’ the food product? (Use rennet.) How is rennet
used to form curdle in the cheese making process?
• Make some cottage cheese.
• Find out about casein (the curdle) and its uses, e.g. in cheese, glue and plastic making.
• YouTube (making casein glue): www.youtube.com/watch?v=90UDm3KgYSo
• YouTube (making cottage cheese): www.youtube.com/watch?v=HWpFboyGC5k
• Website (turn milk into plastic): www.scientificamerican.com/article/bring-science-home-milk-plastic/
Science Roadshow visit: the Spectacular Changes show is about chemical and physical changes.

EVALUATE
Evaluation is about judging or measuring how well a teaching programme is going. Teachers should be
able to evaluate the success of their teaching so as to make adjustments and refinements to approaches
throughout a unit of work. This ‘Evaluate’ phase occurs therefore at all stages of learning. Students should
also be evaluating their understanding and success throughout the unit.

Integration
It is recommended that you integrate your science with other learning areas. Use science activities, investigations and challenges to engage
students and where relevant, build links to English, the arts, health and physical education, languages, mathematics and statistics, social sciences
and technology.
© 2017 The National Science-Technology Roadshow Trust.
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Theory notes
Spectacular changes

In the Material World, there are two main types of changes, chemical
change and physical change.

Examples of physical changes

Chemical changes

<Students answer>

Examples:

The colour changes that UV beads go through are physical changes
because:

A reaction can be written in word form:

<Students answer>

Chemical changes are reactions that result in one or more new
products. Chemical changes cannot easily be reversed.

Substance A and substance B react to form substance C.
In symbols it could be written as follows, with the arrow meaning
‘reacts to form’.

A+B→ C
This following reaction shows A being split into two new substances.

A → D+E
This shows A and B reacting together to form two new substances.

A+B → X+Y
The arrow only points in one direction because the products formed
cannot be changed back to the original substances. Chemical
reactions are said to be nonreversible.

Making crystals is a physical change because:

Science is about
Teacher to choose the most appropriate language and approach to the
following core ideas. It is suggested that at least some of these ideas
be taught explicitly in any given unit. See the following web link for
more detail: www.scienceonline.tki.org.nz/Introducing-five-sciencecapabilities.
Science is a way of finding out about the world. Doing good science
means to:
1. Gather and interpret data:
•

Wonder, explore and play with ideas.

•

Ask good questions to investigate.

•

Make good observations using all our senses and sometimes use
instruments to help make more accurate observations.

•

Make inferences which are [children complete: the meaning made
from observations].

•

Follow steps and record them so we know what we did and how
we might change things next time.

•

Repeat trials in order to find trends and patterns.

•

Collect data and results and think about what they mean.

Examples of chemical changes
Lemon volcano

2. Use evidence:

Citric acid (in lemon juice) plus baking soda react to form sodium
citrate, water and carbon dioxide gas, or:

•

Support ideas or claims using evidence from our observations and
data.

•

Sometimes reject ideas or claims using evidence.

citric acid + baking soda → sodium citrate + water + carbon dioxide

•

Realise that a negative result is still useful.

Black snakes

3. Critique evidence:

<Students research into the reaction>

•

Curdling milk

Think about the strong and weak points of our methods, data,
interpretation of data and the evidence and conclusions we have
presented.

•

Be honest about what we see and what this might mean.

<Students research into the reaction>

4. Interpreting representations:

Physical changes

Other changes can be reversed and are called physical changes. When • Find good ways of communicating our methods, findings and
conclusions. Sometimes this might include creating tables, graphs,
we melt ice to make water, that change can be reversed by cooling
charts, posters, written text, models and simulations.
the water to make it freeze and form ice again. Below the arrow means
‘changes into’ and it goes both directions because the change can be
reversed.
5. Engaging in science:

ice
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water

•

Learn by having fun and through being ‘seduced’ by science.

•

Get emotionally involved in our learning.

•

Understand how science ideas relate to our everyday lives.

•

Use our science understanding in different situations.

•

Take action over important scientific issues.
© 2017 The National Science-Technology Roadshow Trust.
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CHALLENGE

Lemon volcano
Learning intentions Science Capabilities: Observations.
			Material World: Chemical reactions involving acids and bases.		

Challenge 1
The effect of stirring
Use the handle of a spoon to stir the baking powder into the flesh of
the lemon. Poke and prod it. Observe and record what happens.

Timing
Time how long it keeps reacting.

Keeping it reacting

Setting the scene
Two common types of chemicals
that react together are acids and
bases. This challenge uses an
unusual source of acid — citric
acid from directly inside a lemon.
Prepare a lemon by slicing just
enough off its base that you can
sit it upright without it toppling.
Ask an adult to help. See picture
A. Once upright, cut out a hole
in the top of the lemon (see
picture B).
A

B

Find a way of making it keep reacting. How do you know that it is
in fact reacting?

Challenge 2
Make it more exciting
Start with a fresh lemon. Before adding the baking soda, can you
add a substance that might make the bubbles easier to see? Can
you add another substance that will trap the gas inside the bubbles
for longer? Repeat the steps in Challenge 1 above . What happens
this time? Why?
Hints:

Now you can place chemicals
inside the lemon to see if they
react with the lemon juice. First
try some baking powder, as shown
below. Do not stir. Observe.

Challenge 3
Adding baking soda into the lemon.

Key School Journal References:
Elephant Toothpaste REID, Nikki Article 5 Connected L3 2014.
Pop! Froth! Fizz! BARTHOLOMEW, Rex Story 4 Connected L2
2014. Fast Rust WALL, Bronwen Article 5 Connected 03 2013.
Bendy bones VAUGHAN, Marcia Article Connected 3 2000.
© 2017 The National Science-Technology Roadshow Trust.

Going further
Can you find any other ‘food safe’ substance from your kitchen
that lemon juice will react with? Can you find any other ‘food safe’
substance that baking soda will react with? Check with an adult
before performing the reaction.
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CHALLENGE

Overnight crystal garden
Learning intentions Science Capabilities: Observations. Fair tests.
			Material World: Growing crystals of Epsom salt.

Challenge 1
Inspect your crystals
Closely inspect the crystals. You may need to use a magnifying
glass. What shape are they? Find a way of measuring the longest
crystals and record your data.

Setting the scene
Crystals are solids that have
very regular shapes such as
cubes and hexagons. Some
grow very slowly, but others
can be grown
very quickly.
This activity
challenges
you to create
the ‘best’
crystals
overnight.
The basic recipe
Into a jug or similar, add one
cup of Epsom salt to one cup of
hot tap water. The water should
not be boiling. Use a spoon
to stir until almost all the of
crystals are dissolved. Pour
some of the solution into each
of several different types of
containers, making sure some
partly dissolved crystals go into
each container, then sit them in
the fridge uncovered overnight.
Inspect them the next day,
and if you are happy with
the crystals, pour off the liquid
from on top of the crystals. If you
don’t do this, the crystals will
probably begin to dissolve.
This waste liquid can be poured
around trees and shrubs as it is
a fertiliser.

Key School Journal References:
Grow your own crystals ELLIS, Julie Article Connected 1
2000. Rock doc ANDERSON, K. E. Article 3 Junior Journal
21 1999.
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Challenge 2
How can you make them more colourful?
Make up another batch of Epsom salt solution. Mix in different food
colours to different containers before you place them in the fridge.

What are the best containers for viewing them in?
Choose different types of containers to find the best way of displaying
your crystals.
Compare your crystals from this second challenge with the first ones
you made. Record your findings.

Challenge 3
The longest crystals
You may already have discovered ways of
creating really long crystals. But, try this
anyway. Find a way of measuring your
longest crystals after one day, then grow
them for another day and see if they get
longer. Repeat to find the number of days
needed to create the longest crystals.

These crystals are just a start.
How long can you make them
grow?

© 2017 The National Science-Technology Roadshow Trust.

Spectacular changes

INVESTIGATION

Black snakes
Learning intentions

Science Capabilities: Gathering and interpreting data through
observations and fair tests.
Material World: Investigate how two chemicals react to produce a
new product (black ‘snakes’).

Teacher: Engagement activity ideas
Show a YouTube video of ‘Black snake
experiments’. Some of these are
fantastic, but bear in mind that these
are often the best of the best. So,
keep student expectations down and
challenge them to strive and improve.

			

Engage

What to do
1. Fill an aluminium pie dish (or other heat-proof dish) with sand. Make a
hollow in the middle of the sand about the size of a golf ball.
2. Mix up 1 tablespoon of baking soda and with 4 tablespoons of icing
sugar. Make sure you mix the two powders well, then place one to two
tablespoons of the mix in the hollow you made.

Mix of baking soda and icing sugar

Fireproof dish
Sand

Explore

3. On a still day, place the dish outside on concrete. Take water or a fire
extinguisher with you for safety.

A student’s black snake experiment. The tray they
have used is made from aluminium foil and it is sitting
on large ceramic floor tile for safety.

Key School Journal References:
Elephant Toothpaste REID, Nikki Article 5 Connected
L3 2014. Pop! Froth! Fizz! BARTHOLOMEW, Rex
Story 4 Connected L2 2014. Fast Rust WALL,
Bronwen Article 5 Connected 03 2013. Bendy bones
VAUGHAN, Marcia Article Connected 3 2000.
© 2017 The National Science-Technology Roadshow Trust.

6. As a class: Share and discuss what you found. Do you think you could
create better ‘snakes’?

Explain

7. Now that you know the basic method, make adjustments to the recipe
and setup to see if you can create bigger snakes more reliably. Think
scientifically! Remember to only change one thing (variable) at a time,
else you won’t know what caused any changes you saw.

Elaborate

There are many ways of showing or
telling others what you have done and
found. Ideas include: write a poem,
rap or song; create a poster; write a
newspaper article; do a demo or show,
with each person in your group playing
different parts; write a description or
report; draw a labelled picture; draw a
flow chart; use others as ‘guinea pigs’
to show how something works; mime
what you did; build a working model;
write a story; draw graphs; use photos
or a video; do a PowerPoint show.

5. Observe carefully what happens and also watch what happens to other
groups’ setups. Use all your senses. Record your findings.

Create your own setup (Remember adult supervision with fire)

8. Between experiments, share your findings — through mini
conferences or meetings like scientists would — so you can learn
more quickly and avoid making mistakes that others have already
encountered.

Evaluate

Showing others:

4. Use safety glasses. Pour about two or three tablespoons of isopropyl
alcohol or lighter fluid into the sand around and a little over the
powder mix. Warning: Do this with an adult. Use the BBQ lighter to
light the alcohol or lighter fluid.

9. Find out about the chemical reaction involved and the products
it creates.

Showing others
Find a good way to report your final outcomes. Report your: 1) questions,
2) how you did your investigations, 3) what you found out, 4) what you
could do better, and 5) what new questions you could now ask. See ideas
in box to left.
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INVESTIGATION

UV beads

Learning intentions
Science Capabilities: Gathering and interpreting data. Fair tests. Using evidence.
Material World and Physical World: UV beads become colourful in
ultraviolet (UV) light. They can be used to measure how much UV there is.

Explain

Explore

Teacher: Engagement activity ideas
Discuss sunburn. What does it feel
like and why does it happen? What
causes it? (Exposure to ultraviolet
light.) How can you prevent it?

Engage

What to do
1. Start with beads
that are white (they
turn white when
stored out of the
light). Take a few
outside and hold
them in the light.
What happens? How
quickly?
2. Explore other places
and light sources to
see if the beads change colour.

UV beads that have been stored in the dark are white.

3. What makes them change colour? Decide on how you are going to
find this out and set up some experiments. We know it is UV light, but
what light sources make UV light? How quickly do they make the beads
colourful? Does heat make a difference? Do the beads need to be facing
a particular direction? Will they change if facing away from the sun?
What happens on a cloudy day? Explore lots of questions and ideas.
4. After establishing what causes them to change colour, see if UV light
can be blocked by different substances, e.g. clear plastic, glass, white
cotton fabric, water, sail cloth or shade cloth, sun block cream, and so
on. Make sure you set up fair tests.

Key School Journal Reference:
Gifts from the sun O’BRIEN, John Article
Connected 1 1998. Gifts from the sun O’BRIEN,
John Article 4 02 3 1995.
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Can you use the beads to measure the strength of UV light?
6. Cut out four or five 4.5 cm x 4.5 cm cardboard squares and use PVA
glue to stick yellow and orange beads in different, simple grid patterns
on the cards. See examples and instructions on how to use them to the
left. Use measurements you have made as evidence for how effective
various fabrics, plastics and sunblocks are at blocking UV light.

Showing others
Evaluate

Examples of grid patterns created from yellow and
orange beads glued onto 4.5 x 4.5 cm cardboard.
Make five or more different patterns.
Instructions: Take the cards you have made into
the dark to turn them white, then you’re set to do
some measurements. Keep them in the dark (like
in a pocket) till you are ready to test a light source.
Get set up with a stop watch. Start timing as you
take a card out randomly and point it towards the
light source. Time how long it takes before you can
recognise the bead pattern correctly. The shorter
the time, the stronger the UV light is. Hint: Since
you already know what the patterns might be on
the cards, it would be even better to have someone
else try to identify the bead pattern.
If the UV light is very strong, the colour changes
might be too quick, so think about how you can
change this to make your timings longer and
therefore more accurate.

Elaborate

5. What would be the best substances to use to protect your skin from UV
light? What substances don’t seem to protect you much at all?

Find a good way to show others about your evidence for how good the
UV blocking materials and substances are (or are not).

Find out more
Research into why the UV beads change colour. Is there something in the
plastic? What is UV light exactly? How is it useful and also harmful?
© 2017 The National Science-Technology Roadshow Trust.

Spectacular changes

CHALLENGE

Curdling milk
Learning intentions Science Capabilities: Gather and interpret data. Observations, fair tests.
			Material World: How some chemicals cause milk to curdle.			

Challenge 1
Observations
Warm some milk in a pot or microwave till it is about body
temperature. 40o C is good if you can measure this with a
thermometer. Half fill a plastic shot glass with the warm milk. Add ¼
teaspoon of white vinegar and stir. Observe and record what happens.
Look at what other groups found and compare.
Try it again to see if it behaves the same way again. (Good science is
about repeating things to make sure your results weren’t just chance.)

Challenge 2

Setting the scene
Milk becomes curdled when
acid is added to it. Sometimes
this is very useful, like in cheese
making.

What else causes curdling?
Test a range of substances to see if they cause curdling too,
including: baking soda, citric acid, cream of tartar, flour,
malt vinegar, salt, sugar and tartaric acid. You can try
other substances as long as they are normally used in food
preparation. Make sure you do accurate comparisons by
performing fair tests. How did you ensure they were ‘fair’?

Challenge 3
How little do you need?
Curdled milk has lumps in it, with clear, runny
liquid between.

Sometimes curdling is a
nuisance during cooking and
baking when things turn lumpy
and clumped when you don’t
expect it.
This challenge investigates what
causes curdling and will help us
understand why this happens.
Key School Journal Reference:
Sticking with it MACGREGOR, Jill Article
Connected 2 2005.
© 2017 The National Science-Technology Roadshow Trust.

How can you find out the smallest amount of added substance that
causes curdling? Investigate. How would these results be helpful if you
were in business making a food product that needed clotted milk?

Other tests
Design and conduct experiments to find if:
• the temperature of the milk changes the curdling
• different types of milk curdle differently
• you can create coloured curdle
• you can make new products from the curdle.
Also test your own ideas.
Research into what the curdle is and what it can be used for.
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ASSESSMENT

Pre- and post-unit assessment
One way of pre- and post-testing the knowledge of students on this Nature of Science (and specifically
Science Capabilities) based unit of work Spectacular Changes, is to use ‘mind mapping’. You can measure
student knowledge by counting the number of words they use in their map that correspond with the list
of keywords we supply to the right.
Students draw a mind map on Science is about — since this is the core of the unit — before they begin the
unit. They repeat the same mind map after they have completed the unit and the scores are compared.
Depending on the experience and ability of your students, it may be best to demonstrate how to create a
mind map or two on a different topic before you begin.

The students will need
An A4 sheet of paper. (The next page can be photocopied.)
Coloured pens, pencils, felts.

Drawing and assessing a mind map
Instructions to students
Write the words ‘Science is about’ in the centre of the page, then write as many words as you can about this
idea. Arrange these in related groups and use lines to connect them in meaningful ways, branching out
from the centre. When you have written as many relevant words as you can, draw colourful thumbnail
pictures and symbols alongside them that also help to explain your ideas.

Assessing the mind map
Give one tick for each word (or variation of the word, e.g. experiment, experiments, experimental) the
student has written that is also in the keyword list. If instead of a keyword, the student has drawn a symbol
or picture that clearly represents one of the keywords, also give a mark. (You could give a bonus mark for
each relevant word they use that is not in the keyword list.)

Sample mind map
This is a student’s mind map ‘pre-test’ on Science is about. Ticks are given to show how marks are allocated.
This student’s pre-test score was 6.

✔

✔

✔

Science is about
✔
✔
✔

Keyword list
Aim
Bias
Certainty
Checking
Classifying
Communication
Comparing
Conclusion
Creativity
Critiquing evidence
Data
Discussion
Drawing
Engaging with science
Error (identifying errors)
Evidence
Experiment
Explanation
Exploration
Fact
Fair testing
Gathering data
Graphing
Grouping
Honesty
Hypothesis
Identifying
Inference
Inquiry
Instruments (including named ones)
Interpreting data
Interpreting representations
Investigation
Knowledge
Law
Measurement
Method
Model
Objective
Observation
Prediction
Question (good questions)
Record
Repeating (replications)
Result
Scientist
Sharing (ideas)
Symbol
Systematic
Tentative
Terms
Theory
Trial
Unit (and units like kg, length, etc.)
Using evidence
Working together
Plus extra words at teacher’s
discretion.
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Spectacular changes — student sheet

ASSESSMENT

Mind map on ‘Science is about’
Name
Year level

			

Date

School

Science is about

© 2017 The National Science-Technology Roadshow Trust.
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DURING YOUR VISIT

Making the most of learning opportunities
The Science Roadshow aims to
• Generate enjoyment and enthusiasm for science and technology that can enhance
your classroom programme.
• Increase students’ knowledge and skills over a range of topics from the
New Zealand curriculum.
• Provide hands-on experiences in science, technology and innovation that are not
generally available in the classroom.

Research tells us that
• The benefits from an educational visit are greatest when the visit forms an integral
part of the classroom programme.
• The best learning outcomes for students are achieved when they are well prepared.
• Students’ learning is enhanced by opportunities for hands-on experience.
• The quantity and quality of students’ interactions with peers and adults have a
significant effect on promoting students’ learning.
• Group work that includes discussion helps students to consolidate their learning.
• Numeracy and literacy are important so we aim to incorporate these learning
areas within the programme.

What happens during your visit?
• You will be met outside by a member of the Science Roadshow team. (If at all
possible please leave school bags at school or on the bus.)
• Your session begins with one of the fifteen-minute shows (see details p. 30). During this
time all students will be seated on the floor of the hall, possibly joining another group.
• Students will have approximately forty minutes to interact with the exhibits set up
in the hall. (See exhibit details on pages 28 and 29.)
• Our Presenters will advise students when their exhibit time is over.
• Students will return to the show area for the second fifteen-minute show. Your
group may be joined by students from another group for this show.
• Staff will direct your students to leave the hall at the end of the second show.

Your role as a teacher
• Move amongst your students. Interact with them and help them to engage with
the exhibits and talk with others. Emphasise that they should try and understand
what the exhibits are showing.
• Remind adult helpers that the exploration and discussion process is more
important for students’ learning than getting the ‘right’ answer (see next page).
• Please remember that classroom teachers remain responsible for their students’
behaviour at all times.

Theme emphasis
• Prior to your visit, you may wish to organise groups who will be responsible for reporting
back on specific themes or selected exhibits. Suggested ideas for reporting back:
1) exhibit name, 2) what it looked like, 3) what it did and 4) what science idea it
demonstrated.
• Additional ideas: students take pen and paper for recording their selected
exhibits; use a digital camera or video device to record selected exhibits for review
back in class; do a project or inquiry-based investigation on the science behind
one or more of the exhibits.

Managing junior groups
• Free exploration of exhibits by children of all ages is ideal. However, it is advisable to
organise adults to at first supervise small groups of children of Years 0–1 (sometimes
even Year 2 children) as they move around exhibits. As soon as children gain sufficient
confidence they may be encouraged to freely explore exhibits in pairs or small
groups. This way they are able to choose the exhibits they are most interested in while
minimising time waiting in queues.
A visit to the Science Roadshow isn’t only for your students. We hope you will also
see it as a great opportunity for your own professional development.

Support for the New Zealand Curriculum
The Science Roadshow experience supports the New
Zealand Curriculum at four levels, with respect to Principles,
Values, Key Competencies and Specific Learning Intentions.
The first three are outlined below, while Learning Intentions
are covered within the Unit of Work found earlier in this
booklet.

Principles
The Science Roadshow experience embodies:
Inclusion: by recognising and affirming learning needs of
all, through an array of sensory experiences
Learning to learn: by giving opportunities for students to
reflect on their own learning processes by free exploration
of hands-on exhibits
Community engagement: by encouraging students to
connect with real life experiences and activities in science
research, technology, industries, the workplace and home
Coherence: by linking science-related experiences with
language and communication, technology careers and real
life experiences
Future focus: by thinking and investigating through
a Nature of Science / Science Capabilities lens and
encouraging students to look at future-focused issues
relating to science and technology, innovation, medicine
and communications.

Values
The Science Roadshow embodies:
Excellence: through perseverance to find answers and to
understand how things work
Innovation, inquiry and curiosity: by students thinking
critically and creatively about ideas presented in shows, and
reflectively about how and why exhibits work
Equity: through access for all to an interactive experience
Participation: through encouragement of students by
presenters, teachers and parents and by the feedback
offered by interactive exhibits
Ecological sustainability: through specific exhibit
thematic(s) (depending on the year) and wherever possible,
environmentally friendly administrative and operational
practices
Integrity: through respect for others by listening, sharing
and waiting their turn.

Key competencies
All five key competencies are well supported by the Science
Roadshow experience; namely;
Thinking: by reflecting on shows and about how and why
exhibits work and their relevance to everyday life
Using language, symbols and texts: by student
involvement with Presenters, Explainers, peers and with
self-guided interactive exhibits
Managing self: students decide who to work alongside,
which exhibits to interact with and for how long
Relating to others: by students working alongside and
communicating with other students, teachers, parents,
Presenters and Explainers as they interact with exhibits and
participate in shows
Participating and contributing: students participate and
contribute to shows, and interact enthusiastically with exhibits.

Further science PLD opportunities are available through the Sir Paul Callaghan
Science Academy — details on the back cover.
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Hints for teachers and helpers — during the
visit and at home
Teachers: Please provide each of your helpers with a copy
of this page before your visit.
Thank you for helping students to learn during their school visit to the
Science Roadshow.

What is the Science Roadshow?
The Science Roadshow travels around the country teaching children
about science, technology and innovation. At the Science Roadshow
we like to give students opportunities and experiences that they
would not usually have at school. On your visit you and the students
will be able to experiment with at least 60 hands-on exhibits. You will
also take part in two exciting shows.

Welcoming the science barrier
A person w
ho
never mad
mistake ne e a
ver tr
anything ne ied
Alber t Eins w.
tein

By these simple steps you will encourage active involvement and
learning ownership by the students that will carry forward as they
move onto other exhibits.

Symptoms of a kid who loves science:
•
•
•
•

shows curiosity about the natural world
likes experimenting and trying things out
takes things apart and rebuilds them
asks lots of questions about why things are the way they are.

Why does science matter? The late Professor Sir Paul Callaghan noted
that the average person in the world today is better off than the
richest aristocrat of 200 years ago — they will live longer, be healthier,
happier, safer and more productive. Why is this? It’s largely because
of science and the improvements in quality of life it has brought to
millions of people around the world.
Which isn’t to say that humanity doesn’t still face a great many
challenges, from climate change to food and water shortages to
disease. Science will play a leading role in how society responds to
and overcomes these challenges, so that life as we know it today can
be sustained in the future.
Every New Zealander needs to be science savvy!

Science at home

A room full of exhibits can be daunting to the nonscientist and you
may feel unqualified to assist students with their understanding of
an exhibit when you don’t understand it yourself. However, you don’t
need to know any of the science yourself.
Instead, consider this approach.
• Stand alongside students who are experimenting with an exhibit.
• Show some interest in the exhibit and ask the student(s) what
it does.
• You might like to try asking a question, then:
Pause (wait for an answer)…
Prompt (give them a hint)…
Praise (tell them they did well)…
wer
e po
w th same
o
n
• Tell them you don’t know about it
See th; the ich at
u
h
of tr ment w ed to
yourself, but you want to know and
em
eri
exp lance se , when ,
d
you are relying on them to be
g
ng
first one thi xamine y.
e
r
the expert.
show arefully contra
e
c
ore us of th lilei
m
• Encourage them to investigate
Ga
res
assu Galileo
and try things. The first level of
understanding may simply relate
to ‘making things happen’ on the
exhibit.
• Get them to tell you what they have found and show you how it
works. Use questions to encourage them to investigate further.
What science is it showing? How do we use this in real life?
• Ask them what the Context Board (the instructions board
beside or on the exhibit) says. Assist the students to read it and
repeat back to you what it means.
© 2017 The National Science-Technology Roadshow Trust.

• Spend time with your child pulling things apart to find out how
they work, or building things like kit set radios. For even more
fun, try engaging your child in real-life science experiments at
home. You can find good ideas on the internet, and many toy
shops sell relatively cheap experiment sets.
• Take advantage of what’s out there in the community. Visit your
local library to find books about science. Play with interactive
displays and exhibits at places like museums and planetaria.
• Develop a love of reading in your child — it builds a love of
knowledge.
• Maths is the basis of all science, so make it fun, encourage it.
• If a child asks a question, don’t be afraid to say you don’t know
but, importantly, show them how they can find out; do it
together.
• Latch onto opportunities whenever your child displays interest,
and give practical and real examples of things.
• The natural world is usually a child’s first interest; it helps if
parents are a little ‘wide-eyed’ too.
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Exhibits
Themes
Electricity — Te Hiko
Exhibits in this theme address specific learning intentions relating to the following:
batteries in series and parallel; collapsing magnetic fields; conductivity of different
materials; electromagnetic induction; wet cells; electrical discharge; magnetic fields
around wires; energy efficiency of light bulbs; magnetising and demagnetising metals;
solar panels; and, AC and DC current. Exhibits include:
• Batteries in Circuits • Collapsing Mag Field • Conductivity Tester • Electricity Quiz
• Flashing Pendulum • Hand Battery
• Jacob’s Ladder
• Kicking Wire
• Light Bulb Efficiency • Magnetising and Demagnetising
• Solar Car
• Solar Generator • Wriggling Filament

Contexts — Electricity, Circuits, Power, Energy
Key School Journal References: Electric map BONALLACK, John Article Connected 3 1998. Profile: Marc Yeung FRANCES,
Helen Article 7 Connected 03 2010. Water power CARROD, Sandra Article 5 02 4 2005. Power TAYLOR, Alex Article 4
Level 2 Aug 2011. Jumping for joules ALCHIN, Rupert Article 7 Connected 03 2008. A new life for old machines HIPKINS,
Rosemary Article Connected 3 2007. Power for Pukapuka GOODWIN, Maureen Article Connected 1 2000. Of elbows
and eels ALCHIN, Rupert Article Connected 2 2004. Wind power: the debate BENN, Ken Article 7 Connected 03 2010.
Harnessing the wind TODD, Ian Article 7 Connected 03 2010.
Key ‘Building Science Concepts’ reference: Book 29 Solar Energy: Sun Power on Earth L2-4.

Gravity — Te tō ā-papa
Exhibits in this theme address specific learning intentions relating to the following:
conservation of momentum; strength of materials in resisting gravity; trajectories;
strength of gravitational pull on differing masses; net forces and unbalanced forces;
acceleration due to gravity; levitation; differing weights on differing planets; density and
buoyancy; rotational motion; and, anti-gravity illusions. Exhibits include:
• Astroblaster 		 • Bendy Beams
• Bounce Trajectory • Bowling Ball
Piston
• Chain Siphon 		 • Hovercraft
• Impact Point
• Magnetic Levitation
• Planetary Weights		 • Rise and Fall
• Spinners
• Stopped Drops
• Venturi Gun		 • What Weighs What?

Contexts — Gravity, Forces
Key School Journal References: Dear God, about this gravity BAGNALL, Alan Story 4 04 3 1998. Make a spinner BUXTON,
Jane Article Connected 1 1999. The chickenleg effect O’BRIEN, Bill Article Connected 3 2000. The Wall of Death MEDCALF,
John Article 5 04 2 1993. Night Light HILL, David Article 4 L2 May 2016. Speed freaks HILL, David Article 7 Connected 03
2009. The Sun and Other Inventions COOKE, Simon Story 6 L3 May 2016.
Key ‘Building Science Concepts’ reference: Book 8 The Moon: Orbits, Appearances, and Effects L3-4.

Heat — Te pōkākā
Exhibits in this theme address specific learning intentions relating to the following:
expansion of fluids and solids upon heating; traditional fire-making methods using
friction; focussing heat using a concave reflector; low density air rises; trapped air in
insulation prevents heat loss; heat makes particles move faster; and, how heat can be
used to generate electricity. Exhibits include:
• Bubbling Liquid • Expansion of Metals • Fire Making
• Focus Point
• Hot Air Balloon
• House Insulation
• Radiant Spin II
• Solids, Liquids,
Gases
• Thermoelectricity			

Contexts — Heat, Temperature, Energy
Key School Journal References: Heat thieves BENN, Ken Article 3 Connected 01 2010. Heat it Up POTTER, Kate Article 4
CN L2 2015. Gifts from the sun O’BRIEN, John Article Connected 1 1998. Keeping houses warm or cool DERRICK, Katharine
Article 3 Connected 01 2010. Warming up, cooling down WALL, Bronwen Article 3 Connected 01 2010. Cool Facts about
a Hot Place HILL, David Article 4 L2 October 2015. Investigating insulation HINCHCO, Selena Article 3 Connected 01 2010.
Gifts from the sun O’BRIEN, John Article 4 02 3 1995.
Key ‘Building Science Concepts’ references: Book 5 Fur, Feathers, and Bark: Animal and Plant Coverings L1-4. Book 36 Heat
on the Move: Transferring Heat Energy through Temperature Difference L3-4. Book 47 Insulation: Keeping Heat Energy In 3-4.
Book 46 Keeping Warm: Getting Heat Energy and Keeping It 1-2.
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Exhibits
Each year we identify six conceptual Themes under
which we group our exhibits. By ensuring that exhibits
fit within a particular Theme we are able to provide a number of
experiences that build on each other, ensuring students have the
greatest opportunity to expand their knowledge base.
The notes on this page and the next page highlight the
concepts that are covered within each of these Themes and
may help you to focus pre- and–post visit activities and
educational opportunities for your students.
Although our primary focus is on objectives from the Science
Curriculum, the exhibits also contribute across most other
curriculum areas, particularly by providing students with
opportunities to engage with others, to discuss what they are
doing, and work cooperatively on a range of experiences not
normally available to them within the school environment.

Effective use of Explainers
Explainers are students selected from the host school to
assist with explaining and demonstrating exhibits to visiting
students. (They also play a vital role in assisting with setting
up exhibits and later packing them away in the truck!) To
prepare Explainers for their involvement we ask that before
the Roadshow visit, teachers outline the following key aspects
of the role with the chosen students. Explainers are there to:
• Assist others to learn (and in doing so, they will learn a lot
themselves).
• Give hints and suggestions about how to use exhibits.
• Show enthusiasm and encourage involvement from
visiting students.
• Ensure safe use of equipment.
• Prevent mistreatment of Roadshow equipment.
All in all, we hope that students enjoy their experience as
Explainers and maximise their own learning by active, positive
and enthusiastic involvement.

Extras for experts
The purpose of this challenge is to stretch more able and/or
determined students and encourage active learning through
involvement with exhibits.
How it works: Each year three or four exhibits are chosen for
more detailed study. These are ‘flagged’ to identify them
so that during the ‘floor session’ when students are using
exhibits, they know which ones are for the ‘extras for experts’
challenge.
At any time during this part of their visit, students have the
opportunity to use and study these exhibits in detail, then to
explain how they work to nominated adults (who have model
answers). If they explain a given exhibit correctly, they have a
card clipped. They repeat this process with the other exhibits
and once they collect at least two clips, they are eligible for a
prize drawn at the end of their visit.

© 2017 The National Science-Technology Roadshow Trust.
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Curiosity probe
When time allows before shows, our Presenters will introduce
an experimental scenario with students that will probe
into their understanding of a science idea. The necessary
equipment will be displayed, its use explained and students
will be asked to give their opinions about the possible
experimental outcomes. The actual experimental results will
not necessarily be given, so students will be encouraged to
discuss or perform the investigation back in class.

Back in class
The equipment will be simple and accessible so that teachers
will be able to repeat the setup in class and run the experiment
in order to discover the outcome. This should lead to discussion
around the key concepts and further questions could lead to
further investigations. Probes can be used as a diagnostic or
formative assessment tool.

The probe setup
Using two identical thermometers, place one inside a mitten
(or oven mitt) and leave one alongside the mitten. Check
both their temperatures one hour later. (Ensure that the room
temperature has not changed over that period.)

Human performance — Ngā Mahi a te Tinana Tangata
Exhibits in this theme address specific learning intentions relating to the following:
variation of fingerprints; hand–eye coordination; muscular strength and fatigue;
athletic performance; reaction times; strength of bones; binocular vision; voice–brain
coordination; and, balance. Exhibits include:
• Fingerprints 1 & 2 • Follow the Path
• Hand Grip
• Heart as a Pump
• Jump
• Reaction Tester
• Strong Bones
• Thread the
Needle
• Voice Delay
• Walk the Plank
Contexts — My body, The human body, Sport and Fitness
Key School Journal References: Don’t Sit if you want to Stay Fit PITCHES, Neale Article 7 CN L4 2015. Iron Tamariki TIBBLE,
Paora Story 4 Level 2 June 2014. Why do our muscles get tired? ARMSTRONG, Dave Article 4 CN L2 2015.

Magnetism — Te Autō
Exhibits in this theme address specific learning intentions relating to the following:
magnetic fields and what they pass through; how the Earth is a giant magnet; interaction
of magnetic fields; magnetic repulsion and attraction; magnetic levitation; magnetic
coupling; how a mass spectrometer separates substances; how to detect hidden metals;
and, separation of substances using magnetism. Exhibits include:
• Breaking Magnetic Fields
• Earth’s Mag. Field • Eddy Current
Braking
• Levitating Pencil • Magnetic Attraction • Magnetic Collision Trolleys
• Magnetic Coupling • Magnetic Pillars
• Mass Spectrometer • Metal Detector
• Powerful Attraction • Powerful Repulsion • Separating Sand		

Contexts — Magnetism, Forces
Key ‘Building Science Concepts’ Reference: Book 49 Invisible Forces: Magnetism and Static Electricity L3-4.

Observations — Ngā mātakitaki
Exhibits in this theme address specific learning intentions relating to the following:
visual observations; comparisons; grouping and identifying; detailed observations using
instruments; pattern seeking; cause and effect; and, inference and deduction. Exhibits
include:
• Artificial Gravity
• Big Foot, Little Foot • Bird Song
• Blue Pearls
• Creating a Spectrum • Creepy Crawlies
• Dating Trees
• Dave’s Poorly Gut
• Dinosaur Footprints • Disappearing Glass Rods • Mobius Crazy Race Track
• Mysterious Black Box • Newton’s Colour Disk • Special Beaks

Question. Which of these outcomes will occur?
1. The thermometer inside the mitten will show a lower
temperature than the one outside.
2. The thermometer inside the mitten will show a higher
temperature than the one outside.
3. Both thermometers will show the same temperature.
Ask the students to describe their thinking.

Answer
Both thermometers will show the same temperature. This is
because over the period of one hour, all items involved — the
mitten and the two thermometers — will settle to room
temperature, say 21o C. There is no heat source like a warm
hand inside the mitten, so there is nothing to heat up the
inside. The common misconception that it will be warmer
on the inside comes from the fact that when your hand is
inside the mitten it feels warmer than when it is outside the
mitten. However, it is only the heat from your hand, trapped
by the insulating fabric of the mitten, that elevates the
temperature inside.
This probe explores energy, heat and temperature.

Contexts — Gather and Interpret Data
Key School Journal References: My ant farm LEONARD, June Walker / WALKER, June Article 5 01 5 1991. Galileo’s legacy
HEAD, Marilyn Article 7 Connected 03 2009. Take a Closer Look CAHILL, Margaret Article 4 Connected 02 2013. A day
in the life of my cat HEGARTY, Maria Story Children as Authors 1 1992. Giving the Ocean a Voice LONG, Don Interview 5
Connected 02 2013. The Takeaway Table NOONAN, Diana Article 4 Connected 02 2013. Garden with Science FERN, Sophie
Article 4 Connected L2 2014. Eye spy HILL, David Article 7 Connected 03 2009. Look out for Monarchs BROCKIE, R. E.
Article 4 Connected 02 2013. Mmm . . . mine! MEHARRY, Dot Story 3 Junior Journal 2 1999. Watching wildlife MARRIOTT,
Janice Play 5 02 3 2001. Patterns ELLIS, Julie Article Connected 1 1999. The jelly bean dream team OWEN, Dylan Story 5 04
2 2002. “Eureka!”: accidental breakthroughs in science ALCHIN, Rupert Article Connected 3 1999.
Key ‘Building Science Concepts’ and other references based on the Capabilities: A host of resources based on the
Building Science Concepts series (and other common resources) have been adapted to support the Five Foundational
Science Capabilities. These can be found at: www.scienceonline.tki.org.nz/New-resources-to-support-scienceeducation/Resources.

Note: While every effort is made to have these exhibits on offer, we cannot guarantee
that all of them will be on display at any one time.

More detail
More detail will be available when you visit the Science Roadshow.

© 2017 The National Science-Technology Roadshow Trust.
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Shows
While being exciting and entertaining, our shows provide a great opportunity to enhance
student knowledge in two science areas each year. The shows for 2017 are Spectacular
Changes, all about chemical and physical changes, and the Hidden World show, focusing
on the use of instruments to see things not normally visible to the naked eye.
To assist you in preparing for your visit, we’ve developed a unit plan called Spectacular
Changes — found in this booklet — that complements the Spectacular Changes show.
If time permits within your classroom programme, you may like to use notes from the
Hidden World show outlined below to develop your own pre- and post-visit unit to
complement that show.

Spectacular Changes Show —Te Whakaaturanga Panoni Matū Miharo
This show covers specific learning outcomes relating to physical and chemical
changes, including the following:
• physical changes and how they can be reversed
• freezing and melting are examples of physical changes
• sublimation as a physical change
• changes in acidity caused by chemical change
• examples of different types of chemical reactions
• burning as a form of chemical change.
Key School Journal References: Elephant Toothpaste REID, Nikki Article 5 Connected L3 2014. Pop! Froth!
Fizz! BARTHOLOMEW, Rex Story 4 Connected L2 2014. Fast Rust WALL, Bronwen Article 5 Connected
03 2013. Bendy bones VAUGHAN, Marcia Article Connected 3 2000. Garden with Science FERN, Sophie
Article 4 Connected L2 2014. Pop! Froth! Fizz! BARTHOLOMEW, Rex Story 4 Connected L2 2014. Cooking
with biogas in India CROWE, Andrew Article Connected 3 1998. Horrible hands BRADDOCK, Beth Article
4 02 3 2005.
Key ‘Building Science Concepts’ references: Book 58 Ice: Melting and Freezing 1-2. Book 14 Making
Porridge: Conducting Heat and Cooking Food L1-2. Book 16 Sand, Salt, and Jelly Crystals: Melting and
Mixing Materials L1-2. Book 15 Where’s the Water?: Water’s Forms and Changes in Form L1-2.

Hidden World Show — Te Whakaaturanga Ao Huna
This show covers specific learning outcomes relating to how we can use
instruments to see things that we would not normally detect with our naked eyes.
It also covers light and other parts of the electromagnetic spectrum, including the
following:
• visible light, lenses and magnification
• microscopes and how they revolutionised our understanding of the world
• infrared radiation and thermal imaging
• the nature of X-rays
• radio astronomy.
Key School Journal References: Making Radio Waves MCNAUGHTON, Iona Article 6 L3 October 2015.
Gemma finds a kiwi KEIR, Bill Article 4 Connected 02 2000. E.T. calling. Is anyone home? REA, William
Article Connected 3 2000. First light: the history of telescopes HEAD, Marilyn Article Connected 3 2003.
Star Man CHADWICK, David Article 4 L2 May 2016. Eye spy HILL, David Article 7 Connected 03 2009. A
pinhole lens BONALLACK, John Article 6 03 2 1993. The secret world of the dust mite PHELPS, Karen Article
5 02 04 2008. X-ray photographs Article 3 Junior Journal 23 2001. Bones on the mend GOULD, Margaret
Article 3 Junior Journal 23 2001. DNA and the Kiwi connection HILL, David Article 5 04 3 2003. Protecting
the Border NEVELDSEN, Paul Article 7 Connected 03 2011.

General Learning Outcomes relating to Shows
After attending the shows students will have improved:
• interest and enthusiasm
• understanding and knowledge of scientific and technological principles
and processes
• greater understanding of the Nature of Science and Science Capabilities.
30

© 2017 The National Science-Technology Roadshow Trust.

Teacher’s guide

ANSWERS

Answers to pages 3–14
Electrical components

Squishy circuits

page 3

Electricity only flows through a complete circuit.

Gravity secrets

page 4

Gravity is a force that acts over a distance. It is always a pull force.

Heat it up!

page 5
P

A R

1

G

3

E

T

O

W

T

6

I

H

N

E

D

F

R

10

F

A

H

O

M

A

S O

L

A R

W

14

I

D

E

G R

H

22

B O

24

T

E

V A

L

E

G
A

E
I

20

E

19

N

T

E

I

I

N G

L

A

T U 5R

R

R O

I

M O

L

A

T

I

O N

C O N

V

E

C

S

S U

17

L

23

I

E

C U

E

H

C

A

3

H

9

J O

I

P

S

I

U

13

B

R A D

12

E

A

N

T

G R A

S

P

T

H

V

J

I

B U

E

P

E

L

E

I

L

O L

A F

E M E

A G

L

A
I

N

T

E

S

X U P

M A G N E

I

R

D R

N X A N E

H

C

K

P

O I

I

T

D N L

G A B

C

E

E
L

P

Y

E
L

R

Z B

C

D E

Y

E

L

N C

K

J

A J

J

K

K

K

I

A K
D Y
U E

D H

H

M T
R

O L

G R

H

E

N A T

L

S

C

A K

C

T

R

I

O B

N P

M X I

H

P

J

C

O M P

I

Q R

E

R

E

E

Y

P
E
E

1) Brain. 2) Skeleton.

X

X

A

11

E M U R
S

M

C

19

N

T

C

S

D

T

E

C

E

I

O N I

I

G P
R

I

T

M K

O N F
O R
I

S

S

N Z L

T

C

S

I

Mystery words: magnetism, nickel,

A P

non-magnetic, fieldlines, cobalt,

-

N Z

earth

O T

N K
D E

R

A M I

R

A T
G E

N S

W E

T

M E

R

C

E

H

O E

T

N W I

I

L

S

U P
T

I

H

X P

I

M M
G K
E

E

Y

U

T

P

V L

U T

W A S

O U T
N T

I

Q A Y

O N Y

A S

M A N E

Z U

O E

N H

L

T

L

A R

I

C

H

S

C

B

X N R

L

S

A Z I

L

Y

W H

J

A I

X O D

N G S
K

S
T

Q R

Z A A

S

E

D A C

I

F

U S

H

O U E

Powers of observation

P

D N
R

E

Q P

page 8

Differences marked with circles.
Microscopes: Right microscope
is reflected and narrower.
Brain: Right brain is
narrower and rotated
slightly.
Spacecraft: Right
spacecraft are smaller
(but in proportion).
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page 11

Challenge 1: Most won’t pop at the same height. A balloon containing water can be
lowered right down onto the candle flame without it popping. Challenge 2: Ideas of
substances to try inside the balloon include: rice, wet sand, dry sand, finely crushed ice,
soda water. Challenge 3: Simple laws about balloon popping include: 1) The closer to the
flame, the quicker the balloon will pop. 2) A balloon that contains water is slower to pop.
3) The more stretched a balloon is the quicker it will pop. 4) The colder the balloon skin is,
the slower it will pop. 5) Balloons containing watery fluids are slower to pop.

Smell testing
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Challenge 3: When performing a fair test, all variables need to be kept the same except
the one thing you are testing. For example, if you are testing whether a longer roller flies
further, then keep all other variables the same — the elastic type, how many windings
you use, how much you stretch it before release, how you release it, the table you use,
etc. It is best to do several trials to find an average, since one trial could by chance give an
odd result. Evidence example: Distance measurements taken from multiple trials, then
averaged. Forces involved include: forward pull of the stretched elastic, backward drag
due to air friction, upward thrust due to spinning of the roll, and, the downward pull of
gravity.
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3) Examples of rules about components: Batteries supply the power. Without them,
other components don’t work. Battery leads need to be pushed deep into the dough.
Conducting dough allows electricity to flow. Insulating dough stops the electricity.
LEDs have to be plugged into the dough the right way around, else they don’t work.
Buzzers have to be plugged into the dough the right way around, else they don’t work.
Motors need more power than the other components. When their leads are reversed,
they spin the opposite direction.

page 12

Challenge 2: For a fair test, students will need to change only one thing between each
test. For this investigation the thing being changed will be the person being tested.
Every other aspect of the test must be kept the same, including things like: keeping the
contents of the ‘smell bottles’ secret (no listening in other people’s guesses); using the
same set of smell bottles, presenting the smells in the same order; determining a set time
between each smell test, e.g. 20 seconds (or the person being tested might be asked to
breathe in and out through their nose 5 times between each smell test); always keeping
their noses the same distance from the bottle; always sniffing the same number of times;
keeping to the same rules about how exact their guesses have to be; etc. Challenge 3: In
fact humans can detect many thousands of distinct smells. So, the more smells tested,
the greater the number of smells that will be detected correctly.

Magnetic pendulum

page 13

3) Observations might include: If ‘like poles’ are facing each other, then: the pendulum will
always sit at an angle, not straight downwards; when moved it will appear to ‘bounce’ away
from the centre; it will keep bouncing, each time a little less, and take a long time to stop; when
pushed towards the centre with your hand it will feel like it is being pushed away. If ‘unlike
poles’ are facing each other, then: the pendulum will always sit straight up and down; when
moved it will giggle around the centre, getting closer and closer to straight up and down;
it feels like it is being pulled towards the centre. [Students may also measure distances over
which attraction and repulsion occur.] 4) Through the observations above, students will be
able to infer whether like or unlike poles are facing each other.

Crime scene powder

page 14

3) Some of the substances will react with acid (vinegar) to create bubbles of carbon
dioxide, including baking soda and baking powder (a weaker reaction). Substances
that will react with a baking soda and water solution, again producing carbon dioxide
bubbles, include citric acid, tartaric acid and cream of tartar (a slow reaction). 4)
Students will need to determine what the mystery powder is by matching the physical
and chemical properties of their known ‘reference collection’ with the properties of the
mystery powder that the teacher supplies. Once students have got the idea, try them
with a different mystery substance that has been modified to make its identification
harder, e.g. citric acid whose crystals have been crushed to a powder using a mortar
and pestle.
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The Sir Paul Callaghan Science Academy runs intensive, four day professional
development programmes that aim to build excellence in the teaching of
science. Our vision is to create primary and intermediate teachers who
celebrate science and inspire their students to explore and engage with the
world through science.
With renewed support from the Ministry of Education, we are again able to
offer “zero course fees” for 2017.

You don’t need to teach a child
curiosity. Curiosity is innate. You just
have to be careful not to squash it.
to foster and guide that curiosity.
Sir Paul Callaghan

The Academy Programme
A variety of excellent facilitators present the Academy programme. It is insightful,
dynamic and interactive, as well as practical and hands-on, bringing a variety of
best practice techniques and experiences to the fore. The following is a snapshot
of some key themes that will be the focus over the four days:
• Learn how to target all types of learners by developing practical investigations
that will stimulate all the senses.
• Introduce more science to other areas of your teaching.
• Unit selection and planning.
• Investigate the cultural differences in learning styles and how teaching can be
adapted to meet the needs of all learners.
• Discover that you don’t need to be an expert in science to teach science well.
• Being a Science Champion within your school or area and inspiring science
learning in all classrooms.

We specialise in developing and delivering nationally, quality science, innovation
and technology education programmes and exhibitions for students, teachers and
their wider communities.

