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A ‘socio-scientific issue’ is a current issue that has an impact on individuals and society. Investigating a socio-
scientific issue involves:
•	 selecting and processing a valid range of scientific information on the issue
•	 explaining the issue and its impact on individuals and society
•	 explaining a personal response to the issue
•	 explaining a societal response to the issue.

An ‘Earth and Space Science’ context means the issue can be an Earth Science issue, a Space Science issue, or a 
combination of both.

Your teacher may provide you with the issue to investigate, or you may be expected to select your own. This 
Achievement Standard is carried out with teacher guidance – the investigation is student driven, but your 
teacher will provide broad parameters for the investigation.

Unit 1 – A socio-scientific issue
A socio-scientific issue is science based and causes controversy or conflict in society – people hold differing 
viewpoints or opinions about it. The issue must be current and have direct relevance to Earth and Space Science. 
Current socio-scientific issues could include aspects of the following.
•	 Ocean acidification
•	 Global warming
•	 Mining of minerals, gold, rare-earth metals
•	 Open-cast mining
•	 Use of fracking in oil exploration and extraction
•	 Disposal of nuclear waste
•	 Renewable energy – wind farms
•	 Mining of the Moon
•	 Sending waste out into space
•	 Ozone depletion
•	 Pollution of the atmosphere or ocean

A socio-scientific issue has scientific implications in addition to social and personal implications. A ‘societal 
implication’ may represent family, whänau, or small- or large-group consensus.

Earth and SpacE SciEncE 3.2 Internally assessed 
4 credits
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Stockton open-cast mine, West Coast

Questions: A socio-scientific issue
1. Give two criteria by which you can know that an issue is a ‘socio-scientific issue’ for the purpose of this 

Achievement Standard.

2. Choose two issues from the list on the previous page that you find interesting and for each, say why you 
think the issue might cause controversy in society.

Unit 2 – Research

Selecting your information
Once you have decided on your issue you should begin your investigation. You must select and process a valid 
range of scientific information on the issue.

To investigate the issue you must collect information from a variety of sources. The information may be found in 
the following formats:
•	 scientific reports
•	 interviews – TV / radio / newspapers / scientific journals
•	 documentary films / DVDs
•	 public lectures (if these are available in your area)
•	 reports / articles in newspapers / magazines / scientific journals / internet
•	 pamphlets – e.g. information/fact sheets
•	 social networks – e.g. blogs / YouTube
•	 textbooks.

##http://en.wikipedia.org/wiki/Stockton_
Mine#mediaviewer/File:Stockton_Open-
cast_Mine_NZ.jpg

Ans. p. 211
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Processing your information
You should record your information as you collect it. One way is to use an e-journal or logbook – save resources 
as Word documents. Processing information in your logbook involves:
•	 sorting out the relevant information
•	 highlighting, underlining or copying down relevant information
•	 listing key points and relevant aspects from the information.

The processing can be shown by writing notes in your logbook and/or by annotating your photocopied or 
printed-out information (for example by highlighting or underlining). Your logbook and any annotated material 
must be handed in with your report. If any of your research is carried out in groups you must show evidence of 
this, for example by writing a summary of your group discussion in your logbook.

Referencing
All sources of information, images, diagrams (not drawn by you) and data must be acknowledged. Level 8 of the 
Earth and Space Science curriculum expects good referencing practice, using accepted protocols.
•	 References to sources of information should be included in the body of your report. All data, facts, diagrams, 

graphs or quotes must be referenced where they appear in the report. This is usually done by using a 
superscripted number in the report, which is then end- or foot-noted. Direct quotes must be in quote marks, 
and used sparingly to make a point.

•	 Provide a reference list or bibliography at the end of the report listing fully all references used. Your reference 
list should be detailed enough that each source of information is traceable by someone else.

Referencing within the report

Examples
Diagram

The greenhouse effect1.

Some of the Sun’s energy 
is reflected back into space

Greenhouse gases in
the atmosphere trap
some of the heat

Solar energy passes
through the atmosphere,
warming the Earth

Footnote:
1Bennett, L et al. (2014). Level 2 Earth and Space Science Learning Workbook, page 34.

Quote

…‘These gases are known as greenhouse gases because they act like the glass plates on a greenhouse.’2

Footnote:
2Pollock, J (2011). ESA Study Guide Year 10 Science, page 149
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Reference list
Books

Give the author(s), date of publication, title (in italics or underlined), publication information.

Example
Bennett L, Borthwick M, Pollock J, Scott C, and Vallender G (2014). Level 2 Earth and Space Science 
Learning Workbook, ESA Publications

Periodicals

These include journals, magazines and newspapers.

Give the author, date of publication, article title in single quotation marks, journal title (in italics or underlined), 
and the page(s). Note that the article title does not use capital letters, except at the start.

For journals, also give the volume number and then the pages. For newspapers and magazines, give the date 
and pages.

Examples
Ackerman J (2007). ‘The downside of upright’, National Geographic, 210, pages 128–145

Courtland R (2010). ‘Maiden voyage for first true space sail’, New Scientist, 15 May 2010, page 10

Video tape / DVD / motion picture

Give the producer and director as well as the date of publication, title of the video/picture (in italics or 
underlined), country of origin, studio or distributor.

Example
Dolling P and Renouf J (producers), Elwin-Harris S, Gillings A, Gyves M, Lawrie B and Olding P 
(director), (2007). Earth: The Power of the Planet (DVD). England, BBC

Television broadcast/series

Give the producer, date of broadcast or copyright, title of broadcast, city of origin, TV channel.

Example
Brown JD (producer) (2007, 1 October) National News, Wellington, TV3

Interviews

Give the speaker, date, place of interview, address of the person being interviewed.

Example
Clarke, JR (2007, 1 October) (interview at Auckland University) (Auckland University, Symonds St, 
Auckland)

Websites

Give the title of the item, author if known, the URL of the website, the organisation or person in charge of the 
site, and the date on which the site was accessed.

Example

New Zealand climate change example: http://www.sciencelearn.org.nz/Contexts/Dating-the-Past/NZ-
Research/Whanganui-rocks-and-climate-cycles. (Science Learning Hub), accessed 23 Oct 2012
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Questions: Research
1. A student gave only the following sources in her report: Wikipedia; Y13 science textbook; www.google.com. 

Give two reasons why this list is not satisfactory.

2. a.  Read the following passage and underline or highlight at least five key words.

The earth’s surface also transfers radiation to the atmosphere in the form of long-wavelength 
infrared radiation, which is absorbed by clouds and gases such as water vapour, carbon dioxide, 
methane, and nitrous oxide, called greenhouse gases. Greenhouse gases warm the atmosphere 
because they trap heat. Greenhouse gases act like a blanket around the Earth, providing insulation 
for the planet. The warming of the planet due to this insulation is known as the greenhouse effect.

Source: L Bennett, M Borthwick, J Pollock, C Scott and G Vallender (2014). Level 2 Earth and Space 
Science Learning Workbook. ESA Publications, p. 227

b. Rewrite the second and third sentences in the passage above in your own words.

3. Read the following passage, selected by a student for his report.

The Earth’s climate has changed throughout history. Just in the last 650 000 years there have been 
seven cycles of glacial advance and retreat, with the abrupt end of the last ice age about 7 000 years 
ago marking the beginning of the modern climate era – and of human civilisation. Most of these 
climate changes are attributed to very small variations in Earth’s orbit that change the amount of solar 
energy our planet receives.

Source: http://climate.nasa.gov/evidence/

 Using your own words, rewrite the passage.

4. A student wrote the following in her report:

In 2014 M Borthwick, in her book, said ‘Greenhouse gases warm the atmosphere because they 
trap heat’.

 Rewrite what the student wrote so the reference to the source of information is written correctly.

Ans. p. 211
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5. A student used the following sources of information for his report. Record the sources correctly for the 
bibliography, putting them in alphabetical order of the surnames/family names of the authors.
•	 Climate-change Science – Human influence on the atmosphere, written by P Kendon, M Harvey, D Ferreti, 

& K Riedel in Alpha Series 131 page 8 in 2007.
•	 Page 227 in Level 2 Earth and Space Science Learning Workbook, by L Bennett, M Borthwick, J Pollock, 

C Scott & G Vallender published by ESA Publications (NZ) Ltd in 2014.
•	 Coralling Carbon before it Belches from the Stack by H Fountain, in the July 21st, 2014 New York Times

Unit 3 – Writing the report
Once you have processed your selected information it is time to write the report.

Your report should include:
•	 an explanation of the issue and the impact it has on individuals and society
•	 an explanation of your personal response to the issue (your own view on the issue)
•	 an explanation of a societal response to the issue (e.g. the response of a family, whänau, or small or large 

organisations, such as iwi or religious groups).

Explanation of the issue and its impact
Explanations are about how or why something happens.

Terms that indicate an explanation include because, therefore, as a consequence, consequently, so that, since, 
however, due to, the reason for, hence, accordingly.

For example, if you were investigating whether there is a human influence on climate change you might write the 
following for ‘Achieved’.

Achieved

Atmospheric concentrations of important long-lived greenhouse gases recorded over the last 2 000 
years clearly show that since the Industrial Revolution of the 19th century, levels of the gases have 
risen exponentially. Global temperatures have followed the same trend, with some of the highest 
global temperatures reached over the last 10 years. The burning of fossil fuels by humans can clearly be 
seen to be having a detrimental effect on the planet, leading to climate change. Worldwide, countries 
are beginning to suffer the effects of global warming with more severe storms, melting of polar ice, 
forest fires, droughts, and ‘big’ freezes. No individual on Earth is exempt from the effects of climate 
change, whether it is an immediate effect such as ‘heat stroke’, or loss of income due to droughts.

By providing a more in-depth explanation you can improve your answer to a ‘Merit’ standard, and by evaluating 
the issue and its impact on individuals and society you can improve to an ‘Excellence’ standard.
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For Achievement Standard 91414 (Earth and Space Science 3.5) you are required to demonstrate your 
understanding of the processes in the atmosphere system. The processes will be selected from the following, as 
applied to the atmosphere system:
•	 composition of the atmosphere
•	 atmospheric circulation
•	 carbon cycle
•	 transport of matter and heat energy
•	 cycles
•	 climate.

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

Unit 1 –The atmosphere system
An atmosphere is defined as a layer of gases surrounding a planet, held in place by the gravity of the planet. An 
atmosphere is more likely to be retained by a planet if the gravity is strong and the atmosphere’s temperature is low.

The Earth’s atmosphere is a very thin layer that surrounds the whole planet, extending from less than 1 metre below 
the Earth’s surface to more than 10 000 km above the surface. Earth’s atmosphere consists of a mixture of gases:
•	 nitrogen 78%
•	 oxygen 21%
•	 trace gases 1% (such as carbon dioxide and ozone).

There is also a small amount of water vapour in the atmosphere. Its concentration varies from 0% over deserts to 
4% over oceans. Water is important to the Earth’s weather because it exists in gaseous, liquid and solid phases, 

and absorbs heat (radiant energy) from the Earth.

The area of the atmosphere below the surface of the Earth is soil gas 
– the space in soil that contains air. Soil gas includes air, water vapour 
and pollutants such as radon and methane. The chemical composition 
of this air is different from that of the atmosphere above it; there is 
still 78% nitrogen, but oxygen levels can vary from 0 to 20%, and 
carbon dioxide levels from 0 to 5% (10 times greater than those of the 
atmosphere above, where CO2 concentration is only 0.04%).

Gas molecules in the soil are always in continuous thermal motion. In 
the soil, the concentration gradient causes a net movement of gases from a high to a low concentration, resulting 
in the movement of gases by diffusion.

There is a pressure difference between the atmosphere above soil and soil gases, which causes air to flow  
by convection.

trace gases 1%

nitrogen 78%

oxygen 21%

Earth and SpacE SciEncE 3.5 Externally assessed 
4 credits

Demonstrate understanding of processes in  
the atmosphere system Mairi Borthwick
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Importance of the atmosphere system to the Earth system
The star diagram summarises the importance.

Importance of the 
atmosphere

Protects living organisms from harmful 
UV radiation

Plants, algae and cyanobacteria 
need CO2 for photosynthesis

Prevents heat from radiating 
out into space

Protection against 
objects from outer space

Supports flying insects and birds

Transfers heat around EarthPart of water cycle

Transmits sounds

Traps heat, providing suitable 
temperatures for life

Most organisms need 
oxygen for respiration

Formation of Earth’s atmosphere
The atmosphere has gone through three main stages in its formation.

1

H2

H2

He
H2

He

The original atmosphere around the early Earth was probably 
just hydrogen and helium gases, which were abundant 
around the Sun when planets were forming. The Earth and 
atmosphere at this time were very hot, so the molecules of 
hydrogen and helium were moving so fast that they escaped 
Earth’s gravity and drifted out into space.

H2O CO2 NH3

2
As the Earth began to cool it formed a crust with many 
volcanoes that released steam (H2O), carbon dioxide (CO2) 
and ammonia (NH3) into the atmosphere. At this stage the 
atmosphere was mainly water in the form of steam and 
clouds.

H2O CO2

O2

O3
N2

N2

3
As the Earth continued to cool, the water in the atmosphere 
came down to the surface in massive rainfalls that went on 
for thousands of years, helping form the oceans, which began 
to absorb carbon dioxide from the atmosphere. Life began 
in the newly formed oceans. Initially the life did not need 
oxygen, and used other gases such as ammonia. But some 
algae in the ocean began to make oxygen. Solar radiation 
caused the ammonia in the atmosphere to break apart, 
releasing nitrogen and hydrogen. The hydrogen floated to the 
top of the atmosphere where it was ‘blown’ away by solar 
winds and the current atmosphere slowly formed.
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The composition of the atmosphere is constantly changing as a result of natural processes such as volcanoes, 
lightning, bombardment by solar particles from coronas – and from people putting artificial chemicals into the air 
without knowing the consequences.

Questions: The atmosphere system
1. Explain the meaning of the term ‘atmosphere’.

2. What two conditions make it more likely for a planet to have an atmosphere?

3. Name the two most important gases in the earth’s atmosphere.

4. Explain what soil gas is and how soil gas differs from the atmosphere above the soil surface.

5. Give three reasons why the atmosphere is important to the Earth system.

6. Draw three annotated diagrams to explain how the Earth’s atmosphere formed.

  

1.

2. 3.

Ans. p. 217
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Unit 2 – Structure of the atmosphere
The atmosphere can be divided into five distinct layers: troposphere, stratosphere, mesosphere, thermosphere 
and exosphere, as shown in the following diagram.
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The troposphere
The troposphere is the lowest layer. It contains about 90% of 
the Earth’s air and is where weather occurs. Starting at Earth’s 
surface, it extends 7–20 km above sea level, being widest 
at the equator and narrowest at the poles. Air pressure and 
density decrease as you travel higher through the troposphere.

There is a temperature gradient in the troposphere, from 
about 15 °C to –57 °C, with the warmest air near ground level 
and the coolest at the tropopause (the boundary between 
the troposphere and the stratosphere). The height of the 
tropopause depends on latitude, season and whether it is day 
or night. Near the equator, the tropopause is about 20 km 
above sea level. In winter near the poles the tropopause is 
much lower.
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Temperature gradient

Equator

km

North pole45° N
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Tropopause height is proportional to 
mean tropospheric temperature.
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Achievement Standard 91410  
(Earth and Space Science 3.1)
Introduction to Level 3 Earth and Space Science 
investigations (page 4)
1. Any three of: geology, astronomy, marine science, meteorology, 

environmental science

2. a.  Any three of: fair test, pattern seeking, identification and 
classification, developing models

b. A fair test is where the independent variable is changed and the 
dependent variable is measured. Aberrant data are eliminated. 
/ A pattern-seeking investigation is where both (or all) key 
variables are measured. Aberrant data are considered in case a 
factor has not been considered.

3. A logbook is used to record, in note form, all the stages of the 
investigation, including thought processes, trial results, raw data, what 
you did to ensure valid and reliable results, any errors that affected 
results, and relevant science.

4. Trialling helps with the development of your method so you can 
determine and allow for any factors that might affect the results, and 
work out how you will gather valid and reliable data.

5. As the student researches the relevant science he or she can work out 
what the key variables will be in their investigation and they can then 
design a method based on those variables.

Ideas for practical investigations (page 7)

Investigation Context Key ESS concept

Liquefaction Earthquake damage to 
houses

Certain soil types lose 
strength when shaken

Waves on a shore Coastal erosion Coasts are vulnerable 
to erosion because 
of the material they 
consist of

Lava flows Any volcano that 
erupts lava

Lava flows build up 
volcanoes

Oil spills Gulf oil spill, Exxon 
Valdez

Oil floats on water 
and affects marine 
environments

Sun angles Formation of winds The larger the Sun 
angle, the greater 
the amount of energy 
hitting the surface of 
the Earth in a defined 
area

Reliability and validity (page 10)
1. a. valid range

b. reliable collection

c validity and reliability

d. valid measurement

e. valid management

2. A range of 0%, 1% and 2% salt does not allow for the fact that 
slight variations in salinity can dramatically affect germination. A 
range of 0.0%, 0.4%, 0.8%, 1.2%, 1.6% and 2.0% is realistic for the 
investigation and does not go above 2%, in which trialling showed 
that no seeds germinated.

3. a.  Soil could not be spread out evenly so that each seed was on 
the same thickness of soil which would also hold the same 
amount of water. Paper towels could be spread out evenly. (For 
germination, seeds do not need nutrients from soil.)

b. Research would determine whether the seeds needed specific 
light or dark conditions. Then the seeds could be kept under the 
same light conditions in a school lab, or covered with something 
such as newspaper that kept the seeds dark.

4. Any investigation must be repeatable. Often in a fair test the method 
is repeated several times. But, as seen in the example investigation, 
having a sufficiently large sample size is a way of achieving ‘repeats’ in 
a fair test. The repeats in a pattern-seeking investigation may need to 
be done hourly, daily or over even longer periods.

Developing a method (page 14)
1. An aim outlines what you want to find out; a testable question is 

similar to an aim but presented as a question; a hypothesis states what 
you think will happen.

2. An aim or testable question, because you have no idea what your 
results will be.

3.	 • Research the topic.

•	 Develop a draft method.

•	 Trial the draft method.

•	 Modify the initial draft and write a step-by-step method.

•	 Explain the reasons for each step.

4. a.  This range was decided upon to show a discernible difference in 
the results.

b. If all the pieces are the same size, only the types of fabric are 
different.

c. Measuring the change in mass is the most valid way of 
measuring the different absorbencies of the fabrics.

d. The opportunity must be given for the fabric to absorb the 
maximum amount of oil.

e. Trialling determined that none of the fabrics needed more than 
30 seconds to absorb the most oil. Any excess drips off, so only 
the absorbed oil is measured.

f. There will be a drop in the mass of the beaker and oil. The drop 
is the amount of oil that the fabric absorbed. (Measuring the 
volume of oil would not be as accurate and therefore not as valid 
as measuring mass.)

g. Repeats show the results are reliable.

L3 ESS lwb 2014.indb   209 20/03/15   7:43 am



© ESA Publications (NZ) Ltd, Freephone 0800-372 266, ISBN 978-1-927297-41-4

In
d

ex

indEx

A, M and E answers 23, 201–2
absolute dating 54–5, 59, 62, 66, 68–9
acidification (ocean) 29, 108
aerosols 86, 131, 140–2, 169–70, 172
albedo 101, 160, 172
Alpine Fault 43–4, 56, 68
ammonites 46, 59–60
Antarctica 40, 63, 147
anticyclone (high) 156–8
aphotic zone 81
Arctic 100–1, 145, 160
astronomical discoveries 180, 190–2
astronomical events 180–1, 186–9
astronomical principles 180, 193–5
atmosphere system 127–72
atmospheric circulation 137, 145–50
atmospheric density 138
atmospheric feedbacks 160
atmospheric pressure 137–8, 147, 154, 205
auroras 133

bibliography 22, 31, 185
biological pump 106–8, 167
brachiopods 59–60

C-12 : C-13 ratio 65
calcium carbonate 59, 65–6, 104, 106–8
Cambrian period 48
capillary waves 112
carbon cycle 194–8, 165–7
carbon dioxide exchange 104–5
carbon pumps 106–8
carbon reservoirs (sinks) 106–7, 165–6
carbon-12 (C-12) 56, 65–6
carbon-13 (C-13) 65
carbon-14 (C-14) 44, 55–6, 65, 68
chronological dating see absolute dating
circulation cells 145–6, 148, 154, 171

climate (definition) 154
climate change 32, 34, 63, 101, 109, 141, 154, 159, 

167
cloud condensation nuclei 142
coastal upwelling 92–3
cold front 136, 156
composition of seawater 86
condensation 142, 155, 164–5
conduction 82, 101, 142, 164, 169, 171
convection 96, 127, 131, 136, 142, 145–6, 157, 169, 

172
Coriolis effect 91–2, 113, 145, 154
coronal mass ejections 180–4, 199, 207
counter-currents 97
cyclones 118

dating geological events 43–66
deforestation 159, 166–7
dendrochronology 62–3
density (air) see atmospheric density
density (water) 79, 87–9, 90–1, 99–101, 112
depression (low) 156–8
desert dust 140–1
desertification 160
diffusion 127, 166–7, 171–2
disphotic zone 81
dissolved inorganic carbon (DIC) 106
doldrums 147–8
downwelling 93, 107
drought 34, 118–19, 150

Eastern boundary currents 97
Ekman transport 92–3
El Niño 117–19, 121, 150, 154
ENSO (El Niño/Southern Oscillation) 117–19
equatorial bulge 90
equatorial upwelling 93, 100
Eris 180, 188–9
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