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AS90948 (SCIENCE 1.9) Externally assessed 
4 credits

Demonstrate understanding of biological ideas relating to genetic variation

Achievement Achievement with Merit Achievement with Excellence

Demonstrate understanding of 
biological ideas relating to genetic 
variation.

Demonstrate in-depth 
understanding of biological ideas 
relating to genetic variation.

Demonstrate comprehensive 
understanding of biological ideas 
relating to genetic variation.

The complete requirements for AS90948 are available at http://www.nzqa.govt.nz/nqfdocs/ncea-resource/
achievements/2017/as90948.pdf and can be obtained from  at www.esa.co.nz.

For this Achievement Standard you must show that you understand:
• the structure and role of DNA
• how cells divide, for growth and during reproduction
• the way in which some characteristics are passed from one generation to another
• the importance of variation in populations of living things.

Genetic variation
Variation describes the differences between individuals in populations of plants or animals, including humans. 
Those individuals with structures, life processes and behaviours best suited to their environment may survive 
long enough to reproduce. When they reproduce they can pass on the genetic information for their ‘useful’ 
characteristics. Genetic information is contained in the DNA molecules in cells.

Example: The thrush
A thrush with structures (e.g. camouflage 
feathers), life processes (e.g. a well 
developed excretory system) and behaviours 
(e.g. for avoiding predators) that allow 
it to survive in an urban environment is 
more likely to live, breed and pass on these 
characteristics to its young than a thrush 
living in the same environment that does 
not have those features.

A population is a group of organisms of one species living in a particular area; for example, the long-tailed bats 
living in the Waitakere Ranges.
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The following diagram shows what happens to just one pair of homologous chromosomes during meiosis.

Chromosomes replicate before meiosis and line up in their homologous pairs so there are four strands of DNA lying 
side by side. As the strands twist around and cross over each other, some DNA is exchanged between them. Then the 
members of each pair move at random to opposite ends of the cell, further mixing the original genetic material from 
the parent cell. In a second division the strands separate (as in mitosis). Each new cell can develop into a gamete.

DNA replication

Second division

Chromosomes line up in
pairs and exchange some
DNA before separating

Four gametes are formed,
each with different DNA
sequences and only half
the number of chromosomes
in the parent cell

Meiosis makes an important contribution to genetic variation between individuals in a population, because the 
result of meiosis is gametes that all carry slightly different genetic information from each other.

Meiosis:
• separates pairs of homologous chromosomes, so each gamete receives only one chromosome from each pair
• produces gametes that have half the number of chromosomes of body cells, e.g. a human gamete has 

23 chromosomes, not 46
• mixes genetic material, so every gamete carries different DNA from the DNA carried by every other gamete.

Fertilisation
At fertilisation, one male gamete and one female gamete join to form a zygote, restoring the full number 
of chromosomes (e.g. a human zygote has 46 chromosomes made up of 23 chromosomes from the sperm and 
23 chromosomes from the egg).

embryo

zygote

gamete
(sperm)

gamete
(egg)

fertilisation
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Unit 4 – DNA structure and function
Chromosomes contain long thin strands of DNA (deoxyribonucleic acid), which has the same basic structure in 
all living things, from a moss plant to an elephant. The structure of DNA is related to its two functions, which are:

• to control cell activities
• to pass genetic information from generation to generation.

A human chromosome that has replicated and is ready to divide

Structure
Scientists discovered that a DNA molecule is like a twisted spiral (a ‘double helix’).

cell nucleus

chromosome

gene

DNA

When untwisted, the DNA molecule resembles a ladder. The ‘sides’ of the ladder are made up of many thousands 
of sugar and phosphate groups. The ‘rungs’ of the ladders are pairs of bases. There are four different bases in 
DNA, starting with the letters:

• A (adenine)
• G (guanine)
• C (cytosine)
• T (thymine).
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Unit 6 – Rate of reaction
Some reactions, such as the combustion reaction when you strike a match, are fast. Others, such as rust forming 
on iron, are slow.

An explosion is a fast reaction. Rusting is a slow reaction.

Particle theory
All substances are made of particles, which may be atoms, ions or molecules. Particles are constantly moving. 
Those in:
• a solid vibrate in one place
• a liquid glide over each other
• a gas fly in all directions.

Collision theory
Chemical reactions take place when the particles of the reactants collide with one another with sufficient kinetic 
(movement) energy to react (not all collisions result in a reaction). The reactant particles then become product 
particles.
• The more collisions that take place in a given volume in a given time, the greater the rate of reaction.
• The energy of the particles affects the forces in a collision and thus the reaction rate.

As the reactants turn into product, the rate of reaction slows. Eventually, all particles of one or both reactants are 
product particles and the reaction stops. The faster a reaction, the sooner it stops.

Rate of reaction
To find the rate of a reaction, measure how much reactant is used or how much product forms, in a certain time.

Rate of reaction = 
product formed or reactant used

time

Reaction rate (how fast a chemical reaction occurs) can be measured in a school laboratory by finding:
• how fast reactants are used up (e.g. time for a solid to disappear, or colour to disappear or change)
• how fast products are formed (e.g. time for colour to change or form, time for bubbles of gas to form).
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Questions: Rate of reaction
1. Complete the following paragraph by putting the following words in the spaces.

 collisions   concentrated   heated   increasing   particles   react   reactants   surface area 

 When a solid is cut or ground up its a.              is increased. In a chemical reaction,

 b.          the surface area of one or both c.          speeds up the reaction.

 More d.          solutions react faster than dilute solutions, because there are more

 e.          in the same volume of solution. This allows more f.          between

 particles in a certain time. When a substance is g.          , particles move more quickly and

 crash together harder, making it more likely they will h.          with each other.

2. State four factors that can alter the rate of a reaction.

                                             

                                             

3. Write one word to describe a substance that speeds up a reaction but is unchanged by the reaction.

4. Crystals of table salt dissolve more quickly in hot water than in cold water, forming a clear solution in both. 
Explain the difference in terms of what is happening to the particles of salt and water in the hot and the cold 
water.

5. When magnesium reacts with hydrochloric acid, hydrogen gas is formed. A 3 cm piece of magnesium 
ribbon was added to 50 mL of dilute hydrochloric acid in a flask, as shown in the diagram, and the bung 
and delivery tube inserted. The volume of gas produced was measured over a few minutes and a line graph 
drawn from the results.

measuring cylinder

dilute hydrochloric acid
plus magnesium ribbon

hydrogen gas

water

delivery tube

Answers
p.  327
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Unit 4 – Processing data
After you have collected the raw data in a table, you process it to explain what the data mean and to draw 
a conclusion from it. You might need to:
• average data from repeat trials
• carry out calculations to make data useable (e.g. work out the time taken for a reaction per gram of a substance)
• draw a graph.

Graphs
A graph helps you to ‘see’ your results. A good graph has:
• a title that explains clearly what the graph shows
• the independent variable on the x-axis (horizontal axis)
• the dependent variable (what you measured) on the y-axis (vertical axis)
• values increasing in even steps on both axes.

Line graphs
If the independent variable is continuous and can be described by a number (e.g. temperature, concentration, pH, 
mass), draw a line graph.

Example: Line graph
Time taken to produce 20 cm3 gas at different temperatures
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Bar graphs
If the independent variable can be described only in words (e.g. ‘Type of metal’) or can have only whole-number 
values (e.g. ‘Number of marble chips’), draw a bar graph, because there can be no values between the bars.

Example: Bar graph
Comparative reaction rates of five different

carbonates with dilute acid
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AS90940 (SCIENCE 1.1) Externally assessed 
4 credits

Demonstrate understanding of aspects of mechanics

Achievement Achievement with Merit Achievement with Excellence

Demonstrate understanding 
of aspects of mechanics.

Demonstrate in-depth understanding 
of aspects of mechanics.

Demonstrate comprehensive 
understanding of aspects of mechanics.

The complete requirements for AS90940 are available at http://www.nzqa.govt.nz/nqfdocs/ncea-resource/
achievements/2017/as90940.pdf and can be obtained from  at www.esa.co.nz.

For this Achievement Standard you demonstrate an understanding of aspects of mechanics, including motion, 
forces, force and pressure, work, power and energy.

The formulae you need are given to you in the examination, but you must know where and when to use them. 
Following are the formulae as they are given in the AS90940 examination.

v = d
t
     a = 

v
t      Fnet = ma     P = F

A      EP = mg h

EK = 1
2
 mv2     W = Fd     g = 10 N kg–1     P = Wt

Mechanics is about movement; the forces that cause movement; and the energy changes 
that take place during movement.
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B A C T E R I A
Bacteria are microscopic, single-celled organisms 
that are found everywhere – in the air, in water, in 
soil and on and in other living things. They can be 
saprophytes, which feed on dead things (and are 
useful decomposers), or parasites, which feed on 
living plants and animals (and are harmful to their 
hosts).

Many bacteria are useful to humans. Pathogenic 
bacteria cause disease.

Many rod-shaped bacteria, seen under a microscope

Unit 1 – Structure of bacteria
Each bacterium is a single cell. The cell does not have a clearly defined nucleus; the DNA is in a single looped 
chromosome in the centre of the cell. There is a rigid cell wall for support and a plasma membrane that controls 
what enters and leaves the bacterium. Cell reactions take place in the cytoplasm. Thread-like flagella help some 
bacteria to move. Some have a protective outer slime capsule. The diagram shows a generalised bacterium.

cytoplasm

sticky threads
(some bacteria)

slime capsulecell wall

0.005 mm

plasma membrane

flagellum
(many bacteria)

DNA

scell wall

asma membrane

(m

DNADNADNADNADNA

Individual bacteria cannot be seen because each bacterium is very 
small, but when grown in suitable conditions where there are 
moisture, nutrients and warmth (e.g. on an agar plate in a warm 
place), each bacterium reproduces many times to produce a colony 
that contains millions of bacteria. The colony appears as a shiny 
circle on the agar and can be seen with the naked eye.

Colonies of bacteria

Types of bacteria
Bacteria can exist as individual cells or as chains or groups of two or more cells. Under the microscope, a bacterial 
cell can look like:

• a sphere (coccus) • a rod (bacillus) • a spiral (spirillum)

 
 

 



© ESA Publications (NZ) Ltd, ISBN 978-0-908340-58-3 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Investigate biological ideas relating to interactions between humans and micro-organisms  287

3. Treating sewage
 The diagram shows the components of 

a sludge digester from a sewage treatment 
plant. Sludge is a mixture of human organic 
wastes and water.

 The sludge digester provides the ideal 
conditions for the bacteria that act on 
the sludge.

a. i.  Describe the type of bacteria 
(aerobic or anaerobic) that 
will be present in the sludge 
digester.

ii.  Explain why this type of 
bacteria and not the other type 
are present in the digester.

b. i. Describe the composition of the gas produced.

ii. Explain the purpose of the heating coil.

iii. The treated sludge that comes out of the digester should be free of micro-organisms (decomposers 
or pathogens). Explain why.

c. Discuss the role that the sludge digester plays in recycling nutrients.

gas

gas

hot 
water
out

raw
sludge in

heating coil

treated 
sludge out

boiler
heats water,

using gas

cooler
water

in

heating coil
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F U N G I
Fungi are the largest micro-organisms. Many fungi form multicellular (many-celled) structures.

All fungi need a food source. They can be saprophytes, which feed on dead things and are useful decomposers, 
or parasites, which feed on living plants and animals and are harmful to their hosts.

Many fungi reproduce by forming spores.

The following illustrations are of a fungus on an orange.
spores

Unit 1 – Structure of fungi
Fungi range in size from tiny unicellular organisms such as yeast, through medium-sized fungi such as moulds, 
to large structures such as mushrooms and toadstools.

yeast cells

Yeast under a microscope

The larger fungi consist of a network of hyphae, which are fine threads that grow into the food source and join 
to form a branching network, the mycelium.

Mycelium of a fungus growing on wood

gills release 
spores

cap

stalk

mycelium

     Parts of a toadstool

Some fungi produce spore-bearing swellings, called sporangia, which grow up from the mycelium. In very large 
fungi, such as mushrooms, spores are produced in a fruiting body, or ‘cap’.
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ANSWERS

Achievement Standard 90948 (Science 1.9)
Cells and chromosomes (p. 3)
1. a. differences; b. individuals; c. behaviours; d. environment; 

e. reproduce; f. genetic; g. DNA.

2. nucleus  chromosome  DNA molecule  gene

3. a. 60 (30 pairs)  b. 9  c. 23

4. a. millions of cells  b. in the nucleus

 c. 19 pairs of chromosomes in each cell

5. Chromosomes are made of DNA – a section of DNA is a gene.

6. a. long, thin, tightly coiled strands of DNA

 b. portion of a chromosome that gives rise to a characteristic

 c. control centre of the cell

 d. molecule that carries the genetic code

 e. one chromosome from each parent

7. a. DNA   b. gene  c. chromosome (splitting in two)

8. a. 19    b. 19   c. 38

 d.  Eye colour / fur colour / shape of ears (for other answers, check with 
your teacher).

9. In a homologous pair of chromosomes there is one chromosome from 
each parent. Both chromosomes contribute different variations on the 
same sets of genes, which gives rise to particular and distinct features and 
helps to bring about variation between people, even in the same family.

Cell division (p. 7)
1. a. Sex organs only; b. Growth and repair of cells; c. 2; d. 4; e. No; 

f. Same; g. Yes

2. a. 

meiosismitosis
 b.  Chromosome numbers are halved during meiosis, so the original number 

of chromosomes can be restored when fertilisation takes place.

3. a. zygote; b. meiosis; c. gametes; d. mitosis; e. embryo; f. fertilisation; 
g. chromosomes; h. replication; i. variation

4. Each chromosome in a pair has come from a different parent.

5. Instructions carried on DNA.

6. a. Male: testes, Female: ovaries

 b. sperm 78, eggs 78, body cells 156

7. Identical twins develop from the same fertilised egg, therefore the DNA 
in their cells is identical, so there can be no genetic variation. However, 
non-identical twins develop from two different fertilised eggs, so they do 
not carry identical genetic information in their DNA.

8. During meiosis in the ovaries and testes of the parents, DNA mixes, 
so gametes are all different from each other. Which sperm fertilises 
which egg is random, so further variation occurs as the zygote receives 
half its chromosomes from each parent at fertilisation. Chromosomes 

carry the genes for characteristics such as fur colour, ear shape and 
so on. While the information that is passed on is essentially the same, 
making the puppies similar, the small differences in their DNA explains 
the differences between them.

9. Genetic variation describes the differences in the DNA of individuals, which 
give rise to individuals that vary in their structures, life processes and 
behaviours. Meiosis contributes to genetic variation by mixing DNA when 
pairs of chromosomes come together, and in the random way in which 
chromosomes separate when gametes form, so that all gametes are different.

Reproduction (p. 11)
1. a. 46

 b. Circle any numbered pair of chromosomes except the XY pair.

 c. Square around the XY pair, bottom right.

 d.  From a male – because the sex chromosomes are XY, which indicates 
a human male (XX would indicate a human female).

2. Only meiosis halves the chromosome number so the complete number 
can be restored at fertilisation.

3. It is a matter of chance which sperm and egg join at fertilisation. The 
likelihood of a 1 : 1 ratio exists only when very large numbers (hundreds) 
of offspring are involved.

4. a. Male / father.

 b.  The male produces gametes each containing an X or a Y chromosome 
while the female’s gametes contain only an X chromosome.

 c. 1 : 1 or 50%. Each fertilisation is random.

5. a. See diagram on page 10.

 b. 1 : 1 or 50% chance.

 c. The Punnett square shows half male and half female zygotes.

 d.  All human babies get one X chromosome from their mother.

6. When any cells from the baby that are dividing are stained and looked 
at under a microscope, either an XX (female) or an XY (male) pair of 
chromosomes can be seen.

7. a. 64      b. 32      c. 64

 The arrow from egg to zygote should be circled.

8. a. 8

 b. Male fruit fly Female fruit fly

Gamete formation Gamete formation

EggsSperm

Gamete 1 Gamete 2 Gamete 3 Gamete 4

d.

 c. i. 50%    ii. 50%   d. See diagram.   e. Meiosis.
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 d. EK = 1
2

 mv2 = 1
2

 × 80 × 32 = 360 J

 e.  First calculate acceleration. 

  a = v
t
 = 3

0.5
 = 6 m s–2

   Then calculate force. 

  Fnet = ma = 40 × 6 = 240 N

 f.  First calculate the work done. 

  W = Fd = 25 × 7 = 175 J

  P = W
t

 = 175
11

 = 15.9 W

Practice assessment task 2: A game of cricket (p. 238)
1. a. 6 m s–1   From the graph. 

 b. Harry’s speed was constant, at 6 m s–1.

 c. Change in speed between 0 s and 2 s was 6 m s–1.

  a = v
t
 = 6

2
 = 3 m s–2

d.  Calculate the area under the speed-time graph line, using area 

= 1
2

 × b × h for a triangle; and area = bh for a square or rectangle.

  First 2.0 s = 1
2

 × b × h = 1
2

 × 2 × 6 = 6 m

  2.0 s to 3.5 s = bh = 1.5 × 6 = 9 m

  3.5 s to 4.5 s = 1
2

 × b × h = 1
2

 × 1 × 6 = 3 m

  Total = 18 m

2. a. air resistance / friction

gravity force

 b.  Unbalanced. The weight force 
(mass × strength of gravity) is greater 
than the friction force so the unbalanced 
downwards force causes the ball to 
accelerate towards the ground.

         c.  Gravitational potential energy and 
kinetic energy.

         d. EK = 1
2

 mv2 = 1
2

 × 0.16 × 202

           = 32 J

         e. d = W
F

 = 32
1.6

 = 20 m

          Multiply kg by 10 to get force
in N for the equation.

Practice 90940 examination (p. 240)

Question One: Kayaking
1. F = m × g = 120 × 10 = 1 200 N

2. A: accelerating / speed increasing

 B: constant speed

 C: speed decreasing / decelerating

 D: stopped / stationary

3. v = d
t
 = 30

10
 = 3 m s–1

4. F = 60 × 10 = 600 N

 W = Fd = 600 × 1.6 = 960 J

 P = W
t

 = 960
5

 = 192 W

5. Because the height above the ground is the same, the same work is needed to 
push the kayak up the ramp as to lift it straight up. Doing the same amount of 
work means the kayak gains the same amount of energy from each method.

 However, because W = Fd, if distance is increased, then the amount of 
force needed to do the same amount of work is less; a ramp allows the 
same amount of work to be done with a smaller force but over a greater 
distance. Since it takes more time for the kayak to go up the ramp, and

 P = W
t

 , then taking a greater time means less power is needed (i.e. it is

 easier) to put the kayak on the roof rack using a ramp than if a ramp is 
not used.

Question Two: Tramping
1. v = d

t
 = 2

4
 = 2 m s–1

2. B is correct.

 There is more friction on a rough grassy surface than on a smooth 
wooden surface so it takes more force to pull the pack on the rough 
grassy surface.

3. Area of the straps in contact with Ravi’s shoulders

 2 × 0.0025 = 0.005 m2

 Weight force of the full backpack

 Fw = mg = 20 × 10 = 200 N

 Pressure on Ravi’s body

 P = F
A

 = 200
0.005

 = 40 000 Pa (N m–2) / 40 kPa

4. When Ravi carried the pack with only one strap, the surface area of strap in 
contact with Ravi’s shoulder was only 0.0025 m2 (rather than the 0.005 m2 

area that was in contact with two straps) but the weight force of the pack

 remained the same. Because of the equation for pressure P = F
A

 , when 

 surface area is smaller the pressure exerted is bigger when the same force 
is applied. Having greater pressure on Ravi’s shoulder made the pack ‘feel 
heavier’ to Ravi.

Question Three: The warehouse
1. W = Fd = 5 000 × 4.5 = 22 500 J

2. Work is done when a force causes movement in the direction of a force. 
A force is not causing the box to move, so no work is being done.

3. a. gravitational potential energy

 b. EP = mg h = 120 × 10 × 3 = 3 600 J

 c.  At the top of the stack, the box has gravitational potential energy 
but no kinetic energy. As the box moves towards the floor, the 
gravitational potential energy is transformed into kinetic energy.

 d.  Some kinetic energy is lost as heat energy because of the frictional 
force of air resistance.

Question Four: Ice-skating
1. a = v

t
 = 7.5

3
 = 2.5 m s–2

2. a. Since Ellie is moving at a constant speed (the speed-time graph is 
horizontal at B) the forces on Ellie must be balanced so the arrows 
for support/reaction and weight/gravity must be the same size, and 
similarly the arrows for friction and thrust must be the same size.

thrustfriction

weight/gravity

support/reaction

b. Weight/gravity and support are equal and opposite. Thrust and friction 
are equal and opposite. Ellie is moving at a constant speed, so there is no 
acceleration. Since F = ma, if acceleration is zero, net force must also be zero so 
all the forces acting are balanced. Forces are balanced and therefore Fnet = 0.

3. Distance Abby covers
dA means ‘the distance travelled in section A of the graph’

dB means ‘the distance travelled in section B of the graph’

dC means ‘the distance travelled in section C of the graph’

dTotal means ‘the total distance travelled’

 Area under the graph:

 dA = 1
2

 × base × height = 1
2

 × 3 × 8 = 12 m

 dB = base × height = 6 × 8 = 48 m

 dC = (1
2

 × base × height) + (base × height) 

  = (1
2

 × 5 × 1) + (5 × 8) = 42.5 m


