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For Earth and Space Science 91188 (2.2), you examine an Earth and Space Science issue. As you examine the 
issue, you will also look at the validity of the information that has been communicated to the public, and from 
this draw a conclusion.

The issue covered must be scientifi c in nature and relate to Earth and/or Space.

There is plenty of scope to choose an issue that you are interested in.

You will also learn how to select and process information, work out the validity of the information presented to 
the public and write a competent scientifi c report.

Unit 1 – Introduction

Requirements of the standard
This standard requires you to:
• select, process and report on relevant Earth and Space Science information about an issue
• comment on the validity of the information from key sources communicated to the public
• draw a conclusion regarding the issue.

Relevant information means that you should select information that is closely connected with, or appropriate to 
the issue you select. To gain higher grades the information should provide wide coverage of the issue.

The validity of the information from key sources refers to whether the information is based on scientifi c opinion 
or on facts.

Information communicated to the public must include scientifi c sources, which may come from newspapers, 
books, journals, pamphlets, websites, fi lms, documentaries, and blogs.

A conclusion related to the issue will involve you stating your judgement or decision about the issue, based 
on reasoning. To gain higher grades you should state and justify a position, which is your point of view on the 
issue.

What is an Earth and Space Science issue?
A science issue is an important science topic or problem, which can be debated or discussed. It does not have to 
have alternative scientifi c viewpoints to be regarded as an issue.

 AS91188 EARTH AND SPACE SCIENCE 2.2 Internally assessed
4 credits

Examine an Earth and Space Science issue and the validity of the 
information communicated to the public
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Some possible Earth and/or space science issues are:
• Climate change
• Ocean acidifi cation
• Use of fracking for oil exploration
• Open-cast mining of gold
• How the Moon was formed
• Whether Pluto is a planet
• How the dinosaurs died
• Whether there is water on Mars
• Plastic rubbish in ocean gyres.

There are many interesting issues to select from, 
depending on your interests and those of your teacher.

The treatment of the issue must be at a Level 2 Earth and Space Science standard, and at Level 7 of 
The New Zealand Curriculum.

 Introduction
1. Describe what is meant, for the purpose of this Achievement Standard, by:

 a. relevant information

 b. valid information 

 c. information communicated to the public

 d. a science issue

 e. a conclusion

2. For the issue of ‘climate change’ carry out online research to briefl y describe the relevant science 
information involved.

3. Choose another issue from the list supplied above and carry out online research to briefl y explain the 
relevant science information involved.

Marine debris on the Hawaiian coast

Answers
p.  288
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Earth and Space Science 91190 (2.4) involves selecting and processing information about plants and animals 
(including humans) living in extreme environments, e.g. environments that are very hot, dry, or cold, or in outer 
space. The information is then used to describe the conditions that make the environment ‘extreme’ and to 
explain how biological adaptations or technological modifi cations allow plants and animals to survive there.

The assessment of this standard requires you to show you can:
• carry out research of sources of information
• select and process relevant ideas from the information
• use the relevant ideas, rewritten in your own words, in a report
• record a list of the sources in a way that someone else could use the list to fi nd the same sources of 

information.

Unit 1 – Selecting, processing and using information

Extreme environments
An ‘extreme’ environment can be defi ned as any environment where the environmental conditions are outside 
the range in which plants, humans and other animals can usually survive. For example, Antarctica is an extremely 
cold environment where it is diffi cult to survive; a boiling mud pool is an extremely hot extreme environment.

Mount Scott, Antarctica Boiling mud

Some animals and plants have evolved biological adaptations that allow them to exist in certain extreme 
environments. For example, an angler fi sh has adaptations for living in the deep ocean.

 AS91190 EARTH AND SPACE SCIENCE 2.4 Internally assessed
4 credits

Investigate how organisms survive in an extreme environment
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Although humans do not usually have biological adaptations for living in 
extreme conditions, they have invented technological modifi cations to 
enable them to survive. An example is the space-shuttle toilet, shown in 
the photo.

Biological 
adaptations or 
technological 
modifi cations

Conditions in 
environment

Survival

Your research will be about an extreme environment – and how living 
things survive there.

The living things can be the same or different species, including humans.

Researching sources of information
Once you have been given or selected a topic, start by reading the 
instructions about what information has to be found. For example, the 
instructions could say to select and process information about:

• what conditions in the extreme environment are like – e.g. 
conditions such as lacking oxygen, very hot, very cold, high or low 
pH, high pressure, low light levels

• what effect the conditions in the extreme environment have on organisms that live in that environment
• what adaptations are required to overcome the conditions so an organism can survive in the extreme 

environment – e.g. to survive in extreme cold, polar bears have dense under-fur and an outer layer of hollow 
guard hairs to insulate the animal and retain heat energy

• the technological modifi cations that allow an organism to overcome the conditions so it can survive in 
the extreme environment – e.g. the structure of an astronaut’s space suit

• anything else relevant to the survival of the organism in the extreme environment – e.g. how the organism 
fi nds food in the extreme environment or how adaptations allow the organism to coexist with other 
organisms in the same environment.

It can help to develop focus questions for the research that match the instructions you have been given. 
The questions help you focus on fi nding relevant information. For example:

• What are conditions in the extreme environment like?
• What effect do the conditions have on organisms?
• What adaptations or technological modifi cations do organisms have to survive in the extreme environment?
• How do the adaptations or technological modifi cations help organisms survive in the extreme environment?
• What other information is relevant to the survival of an organism in the extreme environment?
These questions can have your topic added to them. For example:

What effect do conditions in outer space have on human space travellers?

When you have the focus questions, you are ready to carry out an internet or library search to fi nd relevant 
information.

Space-shuttle toilet
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For Earth and Space Science 91191 (2.5), you are required to demonstrate understanding of extreme Earth 
events as they apply to New Zealand.

This topic requires you to know the characteristics of volcanic eruptions, earthquakes and tsunamis. You are 
also required to explain the causes of extreme Earth events in terms of relevant processes and effects that occur 
in the geosphere, hydrosphere, biosphere and/or atmosphere.

Extreme Earth events are those events that are extraordinary or remarkable on planet Earth but which may occur 
commonly in parts of New Zealand (and its continental shelf) due to New Zealand’s position on plate boundaries.

Unit 1 –The Earth system, geosphere and plate tectonics
New Zealand is susceptible to dramatic Earth events because of the country’s unique geology and its place in the 
middle of vast oceans. Earthquakes, volcanoes and tsunamis can all bring about devastation with very little warning.

Earthquakes can occur anywhere in New Zealand, although some parts of the country, especially Northland, 
experience earthquakes less frequently than other parts.

Auckland, Taranaki and the Taupō Volcanic Zone, extending from White Island to Ruapehu, are the areas that 
have active or dormant volcanoes. The Taupō area also has extensive geothermal areas.

All New Zealand’s long coastline is susceptible to tsunamis, which can be caused by earthquakes, underwater 
volcanic eruptions, landslides into water, or submarine avalanches.

Gravity
Gravity is fundamentally important and pulls everything towards 
the centre of the Earth. Although it is often taken for granted, 
gravity affects and is an integral part of all processes that cause 
extreme Earth events. For example, anything that falls, such as 
ash from a volcano, sediment in an underwater avalanche, a 
subducting tectonic plate, or land after an earthquake shake, falls 
because of gravity.

The Earth system
If we view planet Earth from space we see a beautiful blue and 
white ball that has liquid water at the surface and can support life. 
From that viewpoint it is easy to see that the atmosphere, land, 
water and living things are all part of one big Earth system. Planet Earth, seen from space

 AS91191 EARTH AND SPACE SCIENCE 2.5 Externally assessed
4 credits

Demonstrate understanding of the causes of extreme Earth events
in New Zealand
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The Earth system can be divided into four interdependent spheres:
• The atmosphere – air that extends up from the Earth’s surface for about 100 kilometres. The lower part, the 

troposphere, has clouds and the weather.
• The geosphere (also called the lithosphere) – the land, which includes all minerals, rocks, sediments, and 

soil (the non-living components).
• The hydrosphere – contains all Earth’s solid, liquid 

and gaseous water, e.g. as the ocean, rivers, and 
glaciers.

• The biosphere – all living organisms, wherever they 
live.

The four parts interact continuously. Often, a change 
in one sphere results in a change in one or more of the 
other spheres. Extreme Earth events are caused by the 
interaction of some or all of the atmosphere, hydrosphere, 
geosphere and biosphere. Such events are a result of 
changes in one or more of these spheres.

Examples of the interactions of the four spheres will be 
explained for each of volcanoes, earthquakes and tsunamis 
in the relevant following units.

Tectonic plates
The whole of Earth’s crust and lithosphere is broken into a number of tectonic plates. Many potentially 
catastrophic extreme Earth events, such as earthquakes, volcanic eruptions, and tsunamis, are ultimately caused 
by tectonic plate movement. Movement of the plates also shapes the surface of the Earth, forming prominent 
land features such as mountain ranges and ocean basins. On the following map, the arrows show whether the 
plates are moving away from, moving towards, or sliding past each other.

Map showing Earth’s tectonic plates

The Earth system

Atmosphere

Geosphere Hydrosphere

Biosphere
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For Earth and Space Science 91192 (2.6) you explore stars and planetary systems by studying the different 
types and characteristics of stars and their life cycles, and the formation of planets and moons.

The main groups of stars are main sequence stars, white and black dwarfs, blue giants, red giants and 
supergiants, and brown dwarfs. The Hertzsprung-Russell diagram is an essential tool that explains the 
relationship between the mass, temperature, luminosity and colour of stars. Energy changes and the role of 
gravity are also examined.

A planetary system is one star, together with any orbiting planets, dwarf planets and their moons. Generalised 
characteristics of planetary systems are explored using the specifi c characteristics of our Solar System. The 
stages in the formation of planets are studied, with particular reference to how the distance away from the star 
affects the temperature and therefore the composition of different planets.

Moons can form in many ways. This is discussed using examples of moons from our Solar System.

Unit 1 – General introduction to stars
Characteristics of stars
A star is a massive, luminous (giving out light) ball of heated gas held together by gravity. Stars vary greatly in 
size. The mass of stars is an important measurement. One solar mass is the mass of the Sun. This is written 
as 1Msun. Stars with a greater mass may be as big as 30 Msun. Stars with a smaller mass may be as small as 
0.1 Msun. The illustration shows some comparative sizes, in size order. Jupiter (a planet) is the smallest and 
Betelgeuse the biggest.

Jupiter < Wolf 359 < Sun < Sirius Sirius < Pollux < Arcturus < Aldebaran

Aldebaran < Rigel < Antares < Betelgeuse

 AS91192 EARTH AND SPACE SCIENCE 2.6 Externally assessed
4 credits

Demonstrate understanding of stars and planetary systems
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General structure of a star
A star has two main sections:
• a very hot, dense core (where nuclear fusion occurs), which 

keeps on contracting for most of the star’s life; the core’s 
temperature and density continue to increase throughout 
the star’s life

• an outer gaseous shell made of hydrogen and helium gas; the 
shell helps move heat from the core to the surface of the star, 
from where energy, as heat and light, is released into space.

Nuclear fusion
A star’s heat and light are generated by nuclear fusion. Nuclear fusion is a nuclear reaction in which two or more 
atomic nuclei join or ‘fuse’, to form a single heavier nucleus with the release of a vast amount of energy. (Nuclear 
fusion is not the same as ‘burning’, although sometimes the word ‘burning’ is used when ‘fusing’ is what is meant.)

The main types of stars
Main sequence stars
These are the stars we commonly see in the sky. Most stars, including the Sun, are main sequence stars, 
converting hydrogen to helium by nuclear fusion with the release of vast amounts of energy. They are in the most 
stable part of their life cycle.

The size of main sequence stars ranges from red dwarfs to blue giants, depending on the mass of the star. Once 
stars run out of hydrogen, they become another type of star. Main sequence stars slowly lose mass during their 
life cycle.

Giants and supergiants
When stars have used all their hydrogen supply they stop being main sequence stars. The core of the star contracts 
and heats up as the outer layers expand, cool and redden, forming giant and supergiant stars. There are three types.
• Red giants: Form when Sun-sized stars run out of hydrogen.
• Supergiants: The largest known type of star – form when massive stars run out of hydrogen. They 

eventually become supernovae.
• Blue giants and blue supergiants: Massive blue stars close to running out of, or that have just run out of 

hydrogen. They also become supernovae.

Dwarf stars
• Red dwarfs: Cool, dim, main sequence stars that fuse hydrogen to helium so slowly that they stay as main 

sequence stars and never evolve into red giants.
• White dwarfs: Small, faint, hot, very dense stars that are the remnants of Sun-sized stars. They are made 

mostly of carbon and are formed after a red giant star loses its outer layers. They are about the size of the 
Earth, but are much heavier.

• Black dwarfs: After white dwarfs lose their heat they become cold, dark black dwarfs. Our Sun will, in 
about 5 billion years, turn into a white dwarf and then a black dwarf.

• Brown dwarfs: A brown dwarf is a failed star; one whose mass is too small for nuclear fusion to start so it 
never becomes a main sequence star. A brown dwarf is not very bright.

Other stars
• Neutron star: This is a remnant of a supernova – a very small, super-dense star, composed mostly of tightly 

packed neutrons.
• Pulsar: A pulsar is a rapidly spinning neutron star that emits energy in pulses.
• Black holes: These are not stars but are formed when the centre of a massive star collapses in on itself. 

Matter is squeezed into a tiny space causing gravity to become so strong that not even light can escape.
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For Earth and Space Science 91193 (2.7) you demonstrate your understanding of physical principles related to 
the Earth System. The physical principles are selected from:
• solar and terrestrial sources of heat
• the transport of heat by radiation, convection and conduction
• the transmission, refl ection, absorption, and scattering of visible and/or infra-red radiation.

The physical principles are applied to the Earth System, which is made up of the hydrosphere, atmosphere, 
geosphere, and biosphere.

To demonstrate understanding, you answer questions related to the standard.

Unit 1 – The Earth System
The Earth is a dynamic system, composed of interdependent parts enclosed within a distinct boundary. The Earth 
owes its existence to the interaction of all four main parts: the geosphere, hydrosphere, atmosphere and biosphere.

The geosphere
The geosphere is the solid part of planet Earth. The geosphere includes the Earth’s interior, rocks and minerals, 
landforms, and all the processes that shape Earth’s surface.

The interior of the Earth is made of different layers that change in density and mineral composition.

liquid

ocean

solid

Asthenosphere

6 370 km

5 100 km

2 900 km

core

mantle

lithosphere

continental crust

oceanic crust

Diagram not to scale

 AS91193 EARTH AND SPACE SCIENCE 2.7 Externally assessed
4 credits

Demonstrate understanding of physical principles related to 
the Earth System
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The thin outer layer consists of oceanic and continental crust, which varies in thickness and density. Oceanic 
crust contains the densest rock, but is only about 5 kilometres thick. Continental crust is less dense but thicker, 
ranging from 30 to 70 km thick.

The mantle below the crust is approximately 2 900 km thick and makes up the largest volume of the Earth’s 
interior. The upper mantle is in two parts; the upper part, with the crust, forms the lithosphere. (Together 
continental crust, oceanic crust and lithosphere form a layer up to only 100 km thick.)

The lithosphere is less dense and relatively brittle, whereas the lower asthenosphere is more dense and plastic 
(able to be re-shaped).

The liquid outer core is approximately 2 200 km thick while the solid inner core is 1 270 km thick (a diameter 
of 2 540 km). Both are made mainly of iron, with a small amount of nickel. The liquid outer core is the primary 
source of the Earth’s magnetic fi eld.

The atmosphere
The atmosphere is all the air in the Earth System. It is a thin layer that surrounds the whole planet, extending 
from less than 1 m below the planet’s surface to more than 10 000 km above the surface. Gravity leads to the 
layer closest to the Earth being denser and thicker. Higher in the atmosphere the air becomes less dense.

The Earth’s atmosphere is made up of fi ve main gases: nitrogen, oxygen, argon, carbon dioxide and water 
vapour. It also has very small amounts of trace gases such as neon, helium, krypton and xenon.

The atmosphere is divided into fi ve distinct layers: troposphere, stratosphere, mesosphere, thermosphere and 
exosphere, as shown in the following diagram.
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Achievement Standard 91187
(Earth and Space Science 2.1)
 Introduction to Earth and Space Science 
investigations (page 2)
1. Meteorology, geology, environmental science, astronomy, marine science 

(any three)

2. Outliers are 2.2 and 3.4.

3. Field-trip or environmental investigations have many variables that 
cannot be controlled, so a single variable cannot be changed whilst 
controlling the rest – as you must for a fair test.

4. a. Fair test

b. Fair test, because Emma is changing only one variable, the salt 
concentration.

c. No. Emma needs to do at least three repeats for each of the fi ve salt 
concentrations. In addition, using only one seed per concentration 
is too small a sample, because the seed might not be viable (might 
not grow), so Emma needs to use at least 10 seeds at each salt 
concentration.

 Skills for practical investigations (page 4)
1. To ensure the data collected will give you information that can then be 

linked to the Earth and Space Science relevant to the investigation.

2. To show the development of the method, how variables were controlled 
and the research and notes, in your own words, concerning relevant ESS 
ideas.

3. a.  0.998 g L–1  0.954 is an outlier so is not included in the calculation 
b. 89.5 seconds  84 is an outlier so is not included in the calculation 
c. 38 °C  37.75 rounded 

4. a. Fair test, because they are changing only the soil composition.

b. Balance/scales to measure the mass of each type of substrate.

c. The depth and diameter of the container the substrate is held in / the 
size of the mass used / shape of mass used / volume of water (any two).

5. When a practical investigation is decided on, the idea for the 
investigation is researched and relevant articles glued into the logbook 
with key ideas highlighted. The key ideas are then summarised in bullet 
points in your own words. The method is then developed: a trial is done, 
results collected, and notes made on modifi cations needed and the 
reasons why the modifi cations were needed.

 Planning and collecting data for fair-test 
investigations (page 7)
1. The aim describes what you want to prove or discover.

2. a. A controlled variable is a factor you keep the same.

b. The independent variable is what you change.

c. The dependent variable is what you measure.

3. Independent variable: angle between Sun and Earth; Dependent variable: 
temperature inside the cone of black paper; Controlled variable: use the 
same cone for each angle between Sun and Earth.

4. A method needs to be trialled to try to ensure the values for the 
independent variable give clearly different results (i.e. the values are a 
valid range), and therefore a trend can be established.

5. All other variables must be kept the same so you know any changes 
in what is being measured are due only to the changing independent 
variable.

6. a.  Claire should not use these values because they are too close 
together, so a clear trend would not be established. The numbers 
might overlap when the method is repeated.

b. 0, 20, 40, 60 degrees Celsius (or four other values with a reasonable 
spread).

c. These temperatures should give clearly different results when the 
density is measured, so there will be no overlap between results and 
a trend can be seen.

7. The arrow represents where the ruler could be placed.

 Start the stopwatch when the mass is placed on the soil. 
Stop the stopwatch when the mass sinks to the point 
indicated by the horizontal line on the mass.

8. a. 3.2 cm  b. 4.2 cm  c. 5.3 cm  d. 6.0 cm

9.

Ty
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Distance 
(cm) 

Trial 1

Distance 
(cm) 

Trial 2

Distance 
(cm) 

Trial 3

Distance 
(cm) 

Trial 4

Distance 
(cm) 

Trial 5

Distance 
(cm)

Trial 6

MC 3.2 4.0 4.7 4.3 4.5

GS 3.5 3.2 3.2 4.0 4.7

Sa 9.5 4.3 4.5 5.9 6.0

Si 6.2 6.0 6.2 6.0 5.9 6.0

10. a.  50 mL of water, because all the values are very different from each 
other so you cannot say which is the most accurate.

b. 9.6 is an outlier because it is very different from the other two values.

c. When the ice-cream container is fi lled, it might contain different 
amounts of soil each time. Finn should measure the mass of the soil 
to ensure the amount of soil is the same for each trial.

 He needs to make sure the rate of moving the container stays the 
same, e.g. two movements per second.

 Line and bar graphs (page 12)
1. a.   X axis;  b.  Y axis.

2. There is no title, there are no units for volume, there is no description 
of the distance, the labels on the volume axis are not going up in even 
increments, there is no line of best fi t (any three).

3. Averages are: marble chips, 0.6 cm; garden soil, 1.0 cm; sand, 1.9 cm; 
silt, 2.5 cm.

a. centimetres / cm

b. Type of substrate.

c. Average distance mass sank (cm).

d. Average distances a mass sank into different substrates.

 ANSWERS
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aa lava 161
absorption lines 197
absorption of solar radiation 263, 

264, 266
abyss zone 121
accretion 220
accretionary wedge 175
accuracy of information 47, 288
acidic soil 133
acidophiles 99
adaptations, biological 91, 

102–103
aeroponics 129
aestivation 99, 112
aftershocks 165
aim of an investigation 5, 14, 20, 

24
air pressure 251
Akaroa volcanic complex 71
albedo 265
alkaliphiles 99
Alpine Fault 70, 78, 143, 173, 

174–175
anaerobic soil 133
andesite 62
andesitic magma 147
angle of incidence 265
animal adaptations in extreme 

environments 111–112, 
115–116

anoxic water 120
Antarctic hair grass 114–115
antifreeze physiology 116
archaea adaptations in extreme 

environments 134, 135–136
assumptions 47
asteroid belt 217, 224
asthenosphere 68, 75, 234

astronauts 127–128
astronomical unit (AU) 194
atmosphere 77, 142, 156, 162, 

234; heat transfer 251–254, 
258; optical effects of 
refraction 276–278

ATP 136
attenuation 270
Auckland Volcanic Field 70, 159, 

162; hazards 162; probable 
eruption sequence for new 
volcano 161; types of 
eruption 160–161

Australian Plate 69, 70, 143, 144, 
152, 173, 174, 175

average 3
Awatere Fault 174

bacteria adaptations in extreme 
environments 136

bar graphs 12, 16
basalt 57, 71
basaltic magma 148, 159
bed load 81
behavioural adaptations 102–103, 

111–112
bias 39–40, 47
bibliographies 32, 94
bioluminescence 123
biomes 235
biosphere 142, 156, 177, 185, 235
biotite 58, 59
black dwarf stars 192, 207
black holes 192, 209
blue giant and supergiant 

stars 192
body waves 169
boiling springs 156

breezes, land and sea 259
brightness of stars 194
brown dwarf stars 192, 203, 205
burial metamorphism 76
burrowing 112

C4 photosynthesis 103
calcareous rocks 66
calcite 57, 58, 66
calcium carbonate 57, 65, 66
caldera volcanoes 148, 154–155
CAM photosynthesis 109
camoufl age of animals 111
Canterbury Plains 75, 84
carbon sinks 133
carbonate 57
Celsius (C) 195
chaperonins 135
chemosynthesis 122
Christchurch earthquake 

(2011) 176
chromosphere 213
circumplanetary disk 227
Clarence Fault 174
classifying 2, 49
cleavage of minerals 57, 58
clouds 253; precipitation 258–

259; white appearance 271
coal 55, 77
cold desert environments 114–116
cold seeps 122
colour: refl ection of visible 

light 266; of stars 195, 198
comets 222, 224
compost heaps 134
conclusion to a discussion or 

report 24, 29, 42–43
concordant investigation results 22
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