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 Introduction – a socio-scientifi c issue
Achievement Standard 91602 (Biology 3.2) involves processing information on a socio-scientifi c issue to present 
an informed response to the issue. The emphasis is on processing and evaluating information (rather than actual 
research to fi nd information) – ‘processing and evaluating’ demonstrate understanding of the topic or issue. Your 
teacher may provide you with a range of resource material for a topic or you may provide your own / supplement 
that provided. You may select your own topic or investigate one provided by your teacher. AS 91602 (Biology 3.2) 
is carried out with teacher guidance (this means that the investigation is student driven but the teacher provides 
the broad parameters for the investigation) – these include suitable topics, resource material, (new) directions for 
the investigation, ideas for a suitable presentation (this could be a written report, newspaper article, seminar or 
speech, PowerPoint presentation, DVD – some of these options would require support material – discuss the 
options with your teacher). You must work independently to process and evaluate data relevant to the topic and 
come up with an informed opinion on the topic.

AS 91602 (Biology 3.2) lends itself to an individual investigation outside the classroom for students who want 
to extend themselves / improve their ability to process and evaluate information and write a scientifi c report / 
improve their literacy skills / increase their number of Level 3 credits. Discuss these issues with your teacher if 
you want to take advantage of them.

A socio-scientifi c issue is an issue that is science-based and provokes controversy/confl ict within society – 
people hold differing opinions or viewpoints on the topic. The issue has both biological implications and social 
implications, which may be either positive or negative.

The issue needs to be contemporary (i.e. is current) and has direct relevance to New Zealand. Current socio-
scientifi c issues in New Zealand include:
• use of 1080 in possum control
• use of fracking in oil exploration/extraction
• overfi shing of coastal waters
• establishment of marine reserves
• use of waterways for irrigation of farmland
• pollution of waterways by farming practices
• fl uoridation of town drinking water
• use of antibiotics in New Zealand poultry farming
• HGPs (hormonal growth promotants) in the New Zealand meat industry
• addition of folic acid to bread
• release of dung beetles in New Zealand to process pasture manure
• GMOs (genetically modifi ed organisms) in New Zealand
• use of alternative/indigenous medicines
• mining for gold/minerals.

  BIOLOGY 3.2 AS 91602 Internally assessed
3 credits

Integrate biological knowledge to develop 
an informed response to a socio-scientifi c issue

Copy correctly
Up to 3% of a workbook
Copying or scanning from ESA workbooks is 
subject to the NZ Copyright Act which limits 
copying to 3% of this workbook.
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In selecting a topic to investigate, you may fi nd it helpful to narrow the topic to one that is of particular 
relevance to you/your location. Examples could be fl uoridation of drinking water in Hamilton, use of waterways 
for irrigation of farmland in Canterbury, use of 1080 in possum control in Westland, pollution of waterways by 
farming practices in Northland.

Issues
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Protesting issues …

Remember that there are usually at least two sides to every issue …
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 A contemporary socio-scientifi c issue
1.  For each of the following topics, decide whether it would be considered appropriate for Achievement 

Standard 91602 (Biology 3.2).

a. Human reproductive technologies. Appropriate   Yes / No

b. Increasing the size of the Cape Rodney-Okakari Point marine reserve. Appropriate   Yes / No

c. Fluoridation of drinking water in New Zealand. Appropriate   Yes / No

d. Possums. Appropriate   Yes / No

e. Field trials of genetically modifi ed potatoes in New Zealand. Appropriate   Yes / No

f. Kidney dialysis. Appropriate   Yes / No

2.  For each of the topics in 1. you considered not appropriate, explain why you decided the topic would not be 
considered appropriate for Achievement Standard 91602 (Biology 3.2).

 Resources
You need to access as wide a range of sources of information as possible to get a complete picture of the biology 
and range of viewpoints, implications, and opinions on your topic.

If you are working independently and/or need to supplement the resource material provided, potential sources of 
information include the following.
• Libraries – school, public and tertiary institutes. School libraries often have a vertical fi le of clipped 

newspaper articles that librarians think may be useful for students. While you probably cannot borrow from a 
tertiary library, they are excellent places to fi nd journals, periodicals and textbooks.

• Newspaper and magazine articles – can be a bit ‘light’ on biological information, but often present a range 
of implications and opinions on an issue. They may be biased (depending on the type of publication).

• Journals and periodicals – excellent sources of biological information but they can be very hard to read due 
to technical terms and jargon used. They are very up-to-date and their validity is assured if they are a major 
publication.

• Television programmes – similar in nature to newspaper and magazine articles (they have to be understood 
by the layman), but are often very up-to-date and easy to understand. 

• The Internet – has a wealth of information on many issues. Check the validity of any information, as anybody 
can put an article on the Internet and it does not need to be reviewed or checked by an independent party.

• Government departments and research institutions – excellent sources of biological information as well as 
implications and opinions. Validity of the information can generally be assured, and they often publish very 
accessible material on the Internet.

• Societies and interest groups – will most likely present information that suits their purpose, i.e. is biased. 
However, you need to consider their views and opinions so you can have a justifi ed opinion about the issue 
yourself.

Answers
p.  146
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Have a book or folder divided up into sections (covering biology, implications and opinions) in which information 
is jotted down as you come across it, particularly for journals or periodicals that cannot be removed from their 
place of origin. You will need to be prepared to hand in your folder of (processed) resources together with 
your assessment report or presentation to provide evidence of your research and processing and to provide 
authenticity for your assessment.

Always fully reference sources – it can be very diffi cult trying to remember exactly where you got the information 
from once it comes time to compile your fi nal project.

The resource material will need to be processed to select and collate information relating to the issue with respect 
to the:
• biological concepts and processes
• biological and social implications
• differing opinions and viewpoints.

A good way to check on what you have to cover is think BIO = Biological concepts and processes, Implications, 
Opinions.

 Biological knowledge
Biological concepts and processes
Biological concepts and processes relating to the issue must be from reputable sources. Biological concepts are the 
biological ideas or facts related to the issue. Biological processes are the techniques or procedures carried out, or 
things done. Models, (annotated) diagrams, tables, graphs may be needed or used. Examples follow.
• 1080 control of possums will need to include descriptions and explanations of why possums are a pest and 

why they need controlling (consider New Zealand ecosystems); methods of control; detail on 1080 including 
how it works, how it is broken down, its effectiveness. Provision of relevant data (e.g. population numbers 
of relevant species in specifi ed area(s)) will be needed – use tables and/or graphs if possible (the source of 
these must be given).

• Pollution of waterways by farm practices will need names and sources of pollution; why the (named) 
pollutant(s) is a pollutant and explanations of the harm it is doing to the waterway/ecosystem. Reasons for 
control of pollution are needed. Relevant data on pollutants, levels and damage to (named) waterways, will 
need to be provided – use tables and/or graphs if possible (the source of these must be given).

Biological and social implications
Implications are the (possible) fl ow-on effects from carrying out the biological procedure(s) – e.g. the effects from 
using 1080 to control possums, or the effects of using water from waterways to irrigate farmland; implications 
may be positive or negative.

Biological implications may be:
• environmental
• ecological
• genetic
• evolutionary.

Social implications may be:
• economic
• ethical
• cultural.

Implications cause concern to people and may affect people in different ways. You need to consider a range 
of implications and compare their signifi cance. Note the NIMBY (Not In My Back Yard) stand; many people will 
support an issue provided it does not occur in their back yard / local community and so doesn’t impact directly on 
their lifestyle (e.g. opposition to wind farms – they are seen as being ugly, spoiling the local views/scenery and 
cause noise pollution when operating, which impacts on people living nearby).
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Okay from a distance …

• Biological implications of pollution of waterways by farm practices may include changes in the abiotic 
environment (salinity, pH, O2, CO2, nutrients) and biotic environment (numbers of named plants and animals, 
micro-organism populations (especially decomposers)) of the waterway and eutrophication and the likely 
effects of these changes to the waterway(s) and ecosystem(s). Social implications of pollution of waterways 
by farm practices may include the costs to the farmer(s) and communities of reducing/controlling/removing 
pollutants and the cost to the community/country of not removing or controlling the pollution, effect on 
community of polluted waterways (e.g. water not safe to drink, swim in or use for other recreational 
purposes, unsightly and/or smelly waterways, damage to country’s reputation (‘clean, green, 100% pure’); 
waterways are an essential part of our taonga as New Zealanders.

• Biological implications of 1080 control of possums may include ‘by-kill’ (killing of non-target species), effect 
of 1080 in waterways, change in numbers of possum populations and the effect of this on the ecosystem, 
change in numbers of native species and effect of this on the ecosystem, possible development of resistance 
to 1080. Social implications of 1080 control of possums may include human distress if pets such as dogs 
become by-kill, possible pollution of drinking water, impact on jobs (trappers) if possum numbers greatly 
reduced, reduction in deer and goats for hunters (local communities may be dependent on hunting for food 
supplies), concerns about whether 1080 kills humanely.

Defaced road sign on the West Coast – from activists opposing the use of 1080
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 Introduction
Selective breeding has been used by humans to ‘improve’ livestock and plants since we changed from a 
hunter-gatherer to a settled farming-based lifestyle and began domesticating animals and cultivating crop plants 
over 10 000 years ago. Selective breeding was the fi rst example of human manipulation of genetic transfer and 
is still a common practice today with both commercial and hobby breeders. In recent times, whole organism 
cloning and transgenesis have become important genetic manipulations in our attempts to continually 
‘improve’ our livestock and plants.

Achievement Standard 91607 (Biology 3.7) requires you to select two 
manipulations from:
• selective breeding
• whole organism cloning
• transgenesis
• investigation and modifi cation of the expression of existing genes.

For each manipulation, you will need to research the following:
• the techniques and/or processes used in the manipulation (e.g. PCR, 

DNA sequencing) so that you can explain in your own words how 
and why the manipulation is carried out; explanations should be 
supported by appropriate annotated diagrams (in the case of selective 
breeding, this would include Punnett squares)

• the biological implications of the manipulation in relation to a particular case study/scenario (examples of 
suitable case studies are provided in this chapter – refer pages 135–141).

While the manipulations may have social/ethical/fi nancial/political implications, it is only biological implications 
that are relevant in AS 91607 (Biology 3.7).

These implications may include impacts on:
• ecosystems
• genetic diversity
• health or survival of individuals
• survival of populations
• evolution of populations.

Candidates entering for Scholarship Biology will be expected to have a sound knowledge of the techniques and 
process involved in selective breeding, whole organism cloning and transgenesis and be able to apply their 
knowledge to discuss relevant biological implications for a given scenario in a Scholarship question.

AS 91607 (Biology 3.7) lends itself to an individual investigation outside the classroom for students who want 
to extend themselves by increasing their biological knowledge, improving their skill in writing a scientifi c report 
or improving their literacy skills generally, increasing their number of Level 3 credits, etc. Discuss this with your 
teacher if you want to take advantage of this.

Of the 800 cattle breeds recognised 
worldwide, the most popular breed 

in New Zealand is Angus

  BIOLOGY 3.7 AS 91607 Internally assessed
3 credits

Demonstrate understanding of human manipulations 
of genetic transfer and its biological implications

Copy correctly
Up to 3% of a workbook
Copying or scanning from ESA workbooks 
is subject to the NZ Copyright Act which 
limits copying to 3% of this workbook.
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The presentation of your investigation could be in the form of a written report (the most common form of 
presentation), newspaper article, seminar or speech, PowerPoint presentation, or DVD. Some of these options 
would require support material in order to meet the criteria for ‘Merit’ and/or ‘Excellence’ – you will need to 
discuss these alternatives with your teacher. Whichever method is decided on, you will need to ensure that all the 
required aspects outlined above are included.

 Genetic manipulations
Selective breeding

You will fi nd it helpful to revise your knowledge of Mendelian genetics and selective breeding from AS 90948 
(Science 1.9) and AS 91157 (Biology 2.5) prior to studying this section.

Evolution results from natural selection, in which environmental factor(s) determine which phenotype(s) will be 
successful, breed, and pass on their successful alleles to the next generation (these are the fi ttest individuals). 
These successful alleles increase in frequency in the gene pool (at the expense of unsuccessful ones, which 
decrease). As the environment changes, so do the phenotypes that will be successful; their alleles will increase 
in frequency in the gene pool at the expense of other alleles – microevolution is occurring. Microevolution 
depends on the presence of variation in phenotypes present in a population; variation results from gene 
mutation and, in sexually reproducing organisms, variation also results from the juggling of genes in meiosis – 
independent assortment, segregation, crossing over – followed by the random act of fertilisation. Evolution by 
natural selection is typically a slow process, as new varieties and species emerge (i.e. reproductive isolation has 
occurred).

Sexual selection is a type of selection in which one sex acts as 
the selecting agent and/or members of the other sex intimidate, 
deter or defeat same-sex rivals. Typically, but not always, it is 
the female who does the selecting of which male she will mate 
with – he is the biggest / strongest / best singer / most colourful 
/ best displayer and so on, depending on the species in question. 
In some instances (e.g. lek breeding in birds), the alleles from only 
a few males dominate the gene pool as they breed with large 
numbers of females.

About 10 000 years ago, humans developed agriculture, raising crop plants, domesticating and farming animals. 
In doing so, we began to select which plants and which animals would be bred – this is artifi cial selection 
(humans are the selecting agents), now more commonly known as selective breeding. At fi rst, this would 
probably have been unconscious – for example:
• less docile animals would have been more 

troublesome and so would be more likely 
to be used for food than kept for breeding 
purposes

• the most commonly harvested grain 
would come from those plants in which 
the seed heads were most strongly 
attached to the stem – seeds that became 
detached easily would have escaped the 
harvest and so would not have been used 
for the next year’s crop.
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At some stage, plants and animals would have been deliberately chosen 
for breeding because of their desirable qualities. By selective breeding, 
the genetic makeup of many species has been progressively altered under 
domestication.

Individuals with desirable traits are bred together to increase the chances of 
the offspring having the same desirable traits. Homozygous genotypes are 
developed by inbreeding and test crossing to produce pure breeders. 
Eventually, a new animal breed or a plant variety or cultivar is produced, 
consisting of organisms with identifiable, stable characteristics that make them 
genetically and phenotypically different from the original parent population.

Back-crossing is often used in breeding programmes and refers to the practice of crossing a child with a 
parent (or grandparent) – e.g. the F1 or F2 generation is crossed back to the P generation. This increases 
the chances of bringing favourable alleles together in the following generation. Back-crossing is an 
extreme example of inbreeding. It should not be confused with test crossing (however, a test cross may 
involve back crossing – e.g. crossing the individual being tested with a homozygous recessive parent).

 Persian Havana brown Ocicat Scottish fold

Four of the >80 different registered breeds of cat

Granny Smith – originated in 
Australia in 1868, thought to 
be a hybrid of Malus sylvestris 

(European wild apple) 
with the domestic apple 

M. domestica

Golden delicious – 
possibly a hybrid of 
Grimes Golden and 
Golden Reinette, 

discovered 1905 in West 
Virginia, USA

Braeburn – discovered 
in 1952 near Motueka, 
thought to be a cross 

between Granny Smith 
and Lady Hamilton

Jazz – cross between 
‘Royal Gala’ and 

Braeburn; original cross 
made in 1985 in Havelock 

North, Hawke’s Bay

Apple cultivars

Breeds of dogs show immense 
variation, as shown in this photo 
of a Great Dane with a Chihuahua

P stands for parental, F for filial (and fi lial means 
‘associated with a son or daughter’).

F1 refers to the fi rst fi lial generation of the (P) 
parents, F2 the second generation (F2 are the 
grandchildren of the original P generation), and 
so on.
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Selective breeding can be carried out by anyone, usually without any specialised equipment. It involves trial and 
error so takes time (and therefore money) and the outcome is not guaranteed. Despite this, selective breeding is 
still extensively carried out by commercial as well as hobby breeders. Artifi cial insemination (AI) and embryo 
transfer are used to facilitate selective breeding programmes. Genome analysis is now increasingly used to 
improve the outcome and effectiveness of selective breeding. Genome analysis (refer pages 124, 125) can be 
used to select individuals (including embryos) with desirable alleles/traits which then can be used in breeding 
programmes (individuals without the favourable alleles are discarded) to maximise the chances of getting 
individuals with favourable phenotypes.

Example

Sheep farmers in New Zealand are genetic-testing rams (male sheep) before using them to breed with 
ewes (female sheep) on their farms. The aim is to fi nd rams that have alleles for tolerance to cold, 
resistance to facial eczema, and resistance to foot rot. Only those rams with the best combinations of 
alleles will be used in breeding, increasing the chances of producing lambs with these desirable traits 
in their phenotype.

Selective breeding in animals is limited to breeding individuals from within one species (not between species). 
This is not the situation in plants.

Plants tend to hybridise naturally – e.g. in the genus Metrosideros, natural hybrids exist between pohutukawa, 
M. excelsa, and northern rata, M. robusta, as well as other rata species.

Polyploidy is rare in animals but common in plants (30–80% of living plant species may be polyploids). Modern 
wheat has resulted from natural hybridisation as well as human manipulation over thousands of years and now 
has varieties that are diploid (2n), tetraploid (4n – e.g. durum (or macaroni) wheat), hexaploid (6n – e.g. bread 
wheat). Kiwifruit are hexaploid; strawberries octaploid; many Brassica sp (e.g. cabbage, caulifl ower, broccoli) 
are tetraploid. Humans can now induce polyploidy by treating plants with the chemical colchicine (doubles the 
chromosomes) – strawberry plants treated with colchicine produce offspring that are polyploid and are stronger 
and more disease resistant than the parent plants. Induction of polyploidy is a common way of overcoming 
sterility of a hybrid species during commercial breeding.

Triticale (6n) is a result of deliberate hybridisation of wheat (Triticum turgidum – 4n) and rye (Secale cereale – 2n) 
to get the desirable characteristics of both parents (high yield potential and good grain from wheat, disease 
resistance and environmental tolerance from rye). The initial hybrid was infertile, but treatment with colchicine 
doubled the chromosomes to produce a fertile plant (triticale) which can then propagate; it is now a commercially 
viable crop plant.

Durum wheat Modern wheat

Triticale – Triticum turgidum Rye – Secale cereale
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 Achievement Standard 91601 (Biology 3.1)
 A suitable investigation (page 6)
1.  Not appropriate. The investigation is too simplistic, not at NCEA Level 3 

Biology. The independent variable is not relevant to the organism. An 
investigation into light intensity could be done, but an investigation 
into numbers of slaters under each condition would, again, be too 
simplistic. 

2.  Appropriate. The investigation is relevant to the organism at NCEA 
Level 3 Biology, as rate of movement (orthokinesis) is to be measured. 
Care will need to be taken with the range of temperatures for M (Merit) 
and E (Excellence).

3.  Not appropriate. The range is not adequate and too simplistic (dry, 
damp, wet). Pneumatophores are not found in dry substrates. If range 
was appropriate, then could be a valid investigation.

4.  Not appropriate. Range of substrates not relevant to organism’s 
niche. Too simplistic an investigation; germination experiments 
more appropriate for NCEA Level 1 Biology. Diffi cult to make this 
investigation appropriate for NCEA Level 3 Biology.

5.  Not appropriate. Distribution investigations of a single population are 
NCEA Level 2 Biology.

6.  A relevant investigation at NCEA Level 3 Biology, so appropriate. Care 
will need to be taken with the range of salinities for M and E. 

7.  Growth rate is not specifi c enough. The type of growth to be measured 
needs to be clearly described (e.g. overall length of individual branches 
over a specifi ed time). Care needs to be taken with the range for the 
independent variable to ensure it is relevant to the plant. 

 Ecological niche (page 7)

1. a. The crab lives in the upper tidal zone where the sediment 
is exposed to the air for more than six hours on each 
tidal cycle. During the low tide, A. crassa must return 
frequently to its burrow to wet its gills so oxygen in the air 
can dissolve in the moisture surrounding the gills before 
passing into the crab’s body. The salt concentrations of the 
surrounding sediments change during the day due to tidal 
movements and evaporation of water during daylight hours, 
particularly on warm days. A. crassa is euryhaline, meaning 
that the animal can maintain constant internal water (and 
salt) levels through osmoregulation, even when the external 
salinity changes. 

 None of the other information should be included in the fi nal 
report as it is irrelevant to this investigation.

 b.   More detail on how the crab respires, exactly how the salinity 
changes throughout the day (its pattern), the range of salinities 
the crab is normally exposed to, more detail about how the 
crab is euryhaline, how osmosregulation in the crab is linked to 
respiration.

2.  The structure and function of the pneumatophores, the substrates 
mangroves are normally found in, normal range of water saturation 
that mangroves tolerate.

 The statement of purpose (page 9)

The range of the IV can be related to the hypothesis, depending on the 
results of the research, the planning and the trialling – as appropriate.

Investigation 1
 Hypothesis: That slaters will show negative phototaxis under high light 

intensities.

Investigation 2
 Hypothesis: That the rate of movement of slaters will increase as 

environmental temperature increases.

Investigation 3
 Hypothesis: That the wetter the substrate, the greater the density of 

mangrove pneumatophores.

Investigation 6
 Hypothesis: That the respiratory rate of the mud crab will increase with 

increasing salinity.

Investigation 7
 Hypothesis: That the growth rate of oxygen weed – measured as 

increase in length of weed over time – will be greatest at pH 6.

  The method (page 10)
1.  a.  i.  Water temperature.

  ii.  Heart rate of Daphnia.

 b.   Maintenance of normal conditions, same magnifi cation, single 
drop of water added in each case.

2.  a.  i. % water saturation of substrate.

  ii.  Density of mangrove pneumatophores.

 b.   One study site, age of trees, time covered by water, same method 
for establishing % water saturation, same starting and fi nishing 
places of each transect line (e.g. in terms of tide position, 
topography), same counting area and same position at each 
sample point, appropriate range of sample points, same method 
of establishing density.

 A valid method (page 12)
1.  Investigation 2.

2.  The range is valid (from high- to low-tide areas where mangroves are 
found, within the range of tolerance), establishing % water saturation 
every metre quantifi es the range, the measurement of the dependent 
variable is valid, all other key variables have been clearly identifi ed and 
accounted for (size and age of trees, amount of time covered, distance 
between samples, method for establishing saturation, measurement 
of density), the investigation has been repeated three times to allow 
suffi cient data to be collected.

3.  The same amount of water needs to be put into the cavity slide (as this 
will affect the fi nal temperature), the fi nal temperature of the water 
must be measured. The range is not valid – only three values given, the 
increments are too great and the range may be outside the tolerance 
limits of the organism, no time has been given for the organism to 
acclimatise to the new temperature, insuffi cient data have been collected.

  ANSWERS
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 Collecting and recording data (page 13)
1.  a.  Qualitative.

 b.  Quantitative.

 c.  Qualitative.

 d.  Quantitative.

 e.  Quantitative.

2.  a.  Numbers of slaters in each light intensity.

 b.   Some measurement of rate for each slater – e.g. distance 
moved over a certain time period, converted to cm s–1 for each 
temperature.

 c.   Counting how many times each crab breathes over a certain time 
period (e.g. each minute) equates to its respiratory rate / measure 
oxygen usage over time (usually done using a respirometer).

 d.   Whole plants dried out, mass measured and divided by the 
number of plants.

 e.   The amount of water lost from a container containing mangrove 
stems (measured as the change in mass of the container) 
over a certain period of time (need to eliminate water loss 
through evaporation in some way – e.g. oil on water) / using a 
transpirometer or potometer, measure the movement of the air 
bubble along a calibrated tube over time.

3. Distance from 
low tide (m)

Number of pneumatophores (m–2)

Transect 1 Transect 2 Transect 3

0 256 301 246

1 311 356 307

2 407 389 411

3 477 490 446

4 567 501 533

5 555 598 564

6 613 599 645

4. Stipe diameter (mm) 0.3 0.4 0.5 0.7 0.8 1.0 1.4 1.6 2.5 2.7 3.0 13.0 14.3 19.2 20.8 22.5 22.6 22.8 23.8

Plant dry mass (g) 1.6 0.6 2.0 3.3 2.5 6.4 5.5 3.0 5.5 6.8 8.1 12.0 13.0 14.3 14.1 14.6 15.3 14.6 15.5

5.  A full descriptive title / fuller titles for column headings / inclusion of 
correct units in column headings / full title for the fi rst column (Sample 
number or similar).

 Processing data (simple calculations) (page 17)
1.  a.  Mean for distilled water is 0.024 

Mean for salt water is 0.042

 b.   The mean rate for mangrove transpiration in salt water is almost 
twice the mangrove transpiration rate in distilled water (0.042 
compared with 0.024).

2. a. Water temperature (°C)

10 15 20 25 30

x̄ 6.1 6.7 7.7 10.4 12.1

 b.  As the water temperature increases from 10 to 30°, the rate of 
respiration increases from 0.31 to 0.49.

   Graphing the means would allow the trend between temperature 
and respiration rate to be seen more clearly.

 Processing data (graphing) (page 19)
1.  a.  

Average live w
eight (kg)

Time (month)
Dec Jan Feb Mar Apr May Jun Jul Aug

15

20

25

30

35

40
P

C

Key:
 ‘Curative’
 ‘Preventative’

 b.   A line graph was used because both variables are continuous 
(time and weight).

 c.  April: ‘Curative’ = 28 kg, ‘Preventative’ = 32 kg.

  June: ‘Curative’ = 31 kg, ‘Preventative’ = 36 kg.

 d.   Live weight of lambs increased with both types of drenching 
programme; however, the increase was greater for the 
preventative programme than for the curative programme (by 
the end of the study, the average weight of the lambs in the 
preventative programme was 13% greater than those in the 
curative).

 e.   A bar graph could be drawn to illustrate any signifi cant difference 
between the means. 
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