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Science 1.9 AS 90948 Externally assessed 
4 credits

Demonstrate understanding of biological ideas relating to genetic 
variation

For Achievement Standard 90948 (Science 1.9), you demonstrate an understanding of concepts and processes 
connected with the continuity of life based on the inheritable nature of DNA, links between DNA and variation 
in the characteristics of organisms, and how certain characteristics enable organisms to survive and breed.

Genetic variation
All living things are highly organised in their structure and life processes; all life forms on Earth are related. 
Complex life forms have evolved, over many millions of years, from simpler life forms. Organisation and 
evolution depend on information that is handed on from one generation to the next – so that tomato plants, for 
example, produce more tomato plants (not cabbages). The information is contained in DNA molecules in cells.

‘Genetic variation’ describes the differences in the DNA of individuals, which give rise to individuals that vary in 
their structures, life processes and behaviours. Those individuals with structures, life processes and behaviours 
best suited to their environment can survive to reproduce – and pass on their DNA with the genetic information 
about their ‘useful’ characteristics.

Unit 1 – Cells
All living things are composed of at least one cell. Most organisms have millions of cells, grouped into tissues 
(e.g. muscle tissue), and organs (e.g. the heart). The diagram shows a group of animal skin cells.

cell membrane
controls what enters and
leaves the cell

genetic material (DNA)
is usually contained in a
nucleus (the nucleus
controls all cell activities)

cytoplasm contains
organelles for life processes 
such as respiration

Chromosomes
Genetic information is carried in chromosomes, which are long, thin strands of DNA, coiled tightly in 
the nucleus. Each species has its own number of chromosomes. Human body cells contain 23 pairs (= 46 
chromosomes). Cows have 30 pairs, radish plants have only 9 pairs.

Along each chromosome, DNA is arranged in segments or genes, which carry the code for characteristics 
(e.g. eye colour, leaf shape). Different chromosomes carry different genes. There can be thousands of genes 
along one chromosome.



2  NCEA Level 1 Science Learning Workbook

 ESA Publications (NZ) Ltd, Freephone 0800-372 266

AS
 9

09
48 chromosome

gene

DNA

The body cells of animals and plants contain two of each chromosome – one from each of the organism’s 
parents.

In many organisms, all but one of the pairs of chromosomes carry genes that control body characteristics. The 
different pair is the sex chromosomes, which carry information for sexual characteristics as well as for some 
body characteristics. The sex chromosomes are the X and Y chromosomes in mammals – XX is female, and XY 
is male.

Questions Unit 1: Cells
1. 1. Which molecule demonstrates that ‘all life forms on Earth are related’? Explain your answer.

2. 2. Give one word to describe the idea that over millions of years, complex life forms have come from 

  simpler life forms. 
3. 3. Label the following photo of a human cheek cell, stained and seen under a microscope, and state the 

function of each part you label.

a.

b.

c.

4. 4. Put these parts of a cell from a human in order from biggest to smallest:
      gene  nucleus  DNA molecule  chromosome      gene  nucleus  DNA molecule  chromosome
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Equipment and method
After you have identified the variables and written them down, give a list of equipment needed for the 
experiment. Then write the method – a clear step-by-step set of instructions for carrying out the investigation. 
A labelled diagram can be useful in explaining the method.

Collecting data
Collecting data is the ‘hands-on’ part of the investigation, in which you:

•	•	 set up and modify equipment as necessary

•	•	 collect and record data, trying to ensure accuracy by repeating measurements and averaging where 
necessary

•	•	 try to ensure data are reliable by doing the investigation more than once and seeing if the trend in the 
results is the same each time

•	•	 list possible sources of error, and note how you minimised error and tried to ensure accuracy, validity and 
reliability during the investigation.

Questions Unit 2: Fair-test investigations – variables
1. 1. Identify the independent variable and dependent variable for each of the following investigations.
 a.   a.  Five identical plots of radish plants are given a fertiliser containing a phosphate. Each plot is given a 

different concentration of phosphate in water – percentages of phosphate are 0.05%, 0.10%, 0.15%, 
0.20% and 0.25%. After an 8-week period, the length of the radish roots is measured in cm and an 
average obtained for each plot.

  Independent variable: 

  Dependent variable: 
 b.   b.  The oxygen uptake of blowfly maggots is measured in millilitres over a 25-minute period at temperatures 

ranging from 10 °C to 45 °C.

  Independent variable: 

  Dependent variable: 
 c.   c.  Twenty-five Daphnia (water-fleas – microscopic crustaceans that live in freshwater) are put in each of 

five Petri dishes containing water of differing pH, from pH 4 to pH 8. The animals’ heartbeat rates are 
calculated by observing the organisms under a binocular microscope, counting beats per minute and 
finding an average.

  Independent variable: 

  Dependent variable: 
2. 2. For each of the following fair-test investigations, identify two variables that would need to be controlled 

(kept constant).
 a.   a.  Beetroot discs are placed in a waterbath which is heated, to identify the temperature range within which 

the cell membrane can control diffusion. Water turns red when the cell membrane can no longer control 
what leaves the cell. The depth of colour is estimated using a colorimeter.
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Demonstrate an understanding of aspects of acids and bases

For Achievement Standard 90944 (Science 1.5), you demonstrate an understanding of aspects of acids and 
bases, including atomic structure, isotopes, the periodic table, ions and ionic compounds, some reactions of 
acids and bases, balanced chemical equations, reaction rates, pH and indicators.

Unit 1 – Atomic structure
Atoms
An atom is the smallest part of an element that can take part in a chemical reaction. Atoms are so small that it 
would take 4 billion sodium atoms to cover a full stop. Atoms are made of subatomic particles: 

•• Protons have a positive charge.

•• Electrons have a negative charge. 

•• Neutrons are neutral (no charge).

Protons and neutrons are in the small, dense, central nucleus of the atom. Electrons move rapidly in the space 
around the nucleus. Electrons are so small they can be considered to have no mass. The number of (positive) 
protons is the same as the number of (negative) electrons, therefore atoms have no electrical charge. The 
number of neutrons varies.

ExampleExample – lithium atom– lithium atom

lithium atom, Li, has 3 protons    and 4 neutrons    in its nucleus 

3 electrons spin rapidly around the nucleus 

space

Atomic number and mass number

Atomic number = the number of protons

Mass number = the number of protons + the number of neutrons

A nuclide symbol shows these details:

mass number (A) – indicates the number of protons
plus neutrons in the nucleus of the atom

atomic number (Z)  – indicates the number of
protons (and the number of electrons in the atom)

The symbol used to represent 
one atom of the element. X Z 

A 
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To balance an equation
••  Start with the first element. Put numbers in front only of formulae so there are the same number of atoms 

of that element on each side.

••  Move to the second element. Check if there are the same number of atoms of this element before and after 
the arrow. If not, treat as for the first element.

••  Go back to the first element and check that it is still balanced.

••  Then look at the third element, and so on.

••  Every time you make any change, start again at the beginning.

••  Finally, all elements will have the same numbers on each side.

ExampleExample
Word equation

sodium hydroxide + sulfuric acid → sodium sulfate + water

Formula equation

 NaOH  +  H2SO4  →  Na2SO4  +  H2O

This equation is not balanced – there is 1 Na on the left but 2 Na’s on the right of the arrow. When you put a 
‘2’ in front of the NaOH on the left, the equation is balanced.

 2NaOH  +  H2SO4  →	 Na2SO4  +  H2O

Questions Unit 5: Chemical equations
Use the table of ions on page 69 and the periodic table on page 108 to help answer the following questions.
1. 1. Complete the following table by writing the formula for each of the ionic compounds. The first one has been 

done for you.

Name of compound Formula

zinc oxide a.a. ZnO

copper sulfate b. b. 

potassium hydroxide c. c. 

lead nitrate d. d. 

aluminium nitrate e. e. 

iron(III) sulfate (iron 3+) f. f. 

magnesium sulfate g. g. 

ammonium chloride h. h. 

2. 2. Complete the following table by writing the name for each of the ionic compounds.

Formula Name

Cu(OH)2 a.a.

KCl b.b.

PbS c.c.
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5. 5. Ed competes in a biathlon. The race has two sections – a swim across a lake and a cycle around the lake.
 The distances covered and times taken for each section are shown in the table.

Section Distance Time

Swim 600 m 15 min

Cycle 20 km 45 min

 a.  a. Convert 15 minutes and 45 minutes to hours.

 b.  b. Use the formula for speed to answer the following.
  i.   i. Calculate Ed’s average speed in kilometres per hour for the swim section.

  ii.   ii. Calculate Ed’s average speed in kilometres per hour for the cycle section.

  iii.   iii. Calculate Ed’s average speed for the entire race.

Unit 2 – Distance-time graphs
Plotting distance against time on a graph tells you about speed at any time during a journey, not just average 
speed. Time goes on the horizontal (x) axis. Distance is on the vertical (y) axis. The slope (gradient) of the line 
shows the speed an object is travelling.

A straight line shows
constant speed.

The object moves equal
distances in equal times.
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The slope of this graph is 
steeper than that of the 

preceding graph; 
the steeper the slope, 

the faster the 
object is moving 

– more distance is 
covered in less time. 

A horizontal line shows zero speed. 
Distance has not changed. 
The object is not moving. 

When a distance-time graph is curved, the object is changing speed.
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Accelerating Decelerating

From a distance-time graph, you can work out average speed.
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By putting lots of ice in a beaker of water, we got the temperature down to 5 °C. Above 
70 °C, the ball was too hot to handle. Therefore the temperature range for the 
investigation was between 5 °C and 70 °C.
Keeping the ball in water of the same temperature for one minute let the ball come to the 
temperature of the water, but it was difficult to keep water temperature constant. Also, 
the time it took to take the ball out of the water, dry it and drop it could have affected 
the temperature of the ball. It was too dangerous to heat the beaker of water at ceiling 
height. So, for each of the readings, we decided we could say data were accurate only to 
within plus or minus two degrees Celsius.
The eight temperatures trialled were evenly spread across the range of temperatures 
tested, to ensure a good spread.
Dependent variable – measurements
We tried to measure the bounce height to the nearest centimetre but we didn’t have 
special equipment, such as a light gate, to measure it. Human error reading the metre 
rule was a possibility, so we carried out five trials at each of the eight temperatures and 
obtained an average to increase the accuracy of the results. Also, by repeating the 
experiment, we were able to recognise any anomalous results (i.e. outliers) and redo the 
reading. Most of the results were in agreement with each other, which showed their 
accuracy. We had a zero error with the metre rule, which we eliminated by adding 2 mm to 
each of the bounce heights after the raw data were collected. The same person measured 
the height of the bounce each time and took care to avoid parallax error by keeping his 
eye level at the estimated level of the bounce. However, there was room for error at lower 
temperatures, where the ball did not bounce as high as at higher temperatures.

Physics theory
The discussion should end by giving some of the physics theory behind what the investigation demonstrates. 
For example, for the stretched spring experiment in Unit 4, Question 2.2., pages 150–151, the physics theory 
behind what the investigation demonstrates could be: ‘The investigation demonstrates Hooke’s Law, which 
states that the extension is directly proportional to the stretching force.’

Questions Unit 6: Discussion
1. 1. Explain why, in an investigation into the stopping distance of a toy car running off a ramp, the same car was 

used for all trials.

2. 2. In an experiment to measure the speed of sound, a person had to click a stopwatch when she heard the 
sound from a starter’s pistol. Explain why it was necessary to do at least four trials and obtain an average 
time.

3. 3. State two accuracy techniques you should use when measuring the temperature of a liquid.
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Unit 1: Cells (page 2)
1. 1. DNA – the DNA molecule is contained in the cells of all organisms, carrying the information for all cell 

organisation and thus is the basis of evolution.
2. 2. Evolution.
3. a.3. a. Cytoplasm – contains organelles that carry out life processes.
 b.  b. Nucleus – controls cell activities, contains genetic material.
 c.  c. Cell membrane – controls what enters and leaves the cell.
4. 4. nucleus  chromosome  DNA molecule  gene
5. a.5. a. 60 (30 pairs)  b.b.   9  c.c.   22
6. 6. Chromosomes are made of DNA – a section of DNA is a gene.

Unit 2: Cell division (page 5)
1. a.1. a. Sex organs only  b.b.   Growth and repair of cells  c.c.   2  d.  d.   4 
 e.  e. No   f.  f.   Same  g. g.   Yes
2. a. 2. a. 

Meiosis Mitosis 
 b.   b.  Chromosome numbers are halved during meiosis, so the original number of chromosomes can be 

restored when fertilisation takes place.
3. a.3. a. zygote b.b.   meiosis c.c.   gametes d.d.   mitosis e.e.   embryo
 f.  f. fertilisation g.g.   chromosomes h.h.   replication i.i.   variation
4. 4. Each chromosome in a pair has come from a different parent.
5. 5. Instructions carried on DNA.
6. 6. 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.

7. 7. 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.

Unit 3: Sex determination (page 7)
1. 1. Only meiosis halves the chromosome number so the complete number can be restored at fertilisation.
2. 2. 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.
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   Conclusion: : Whether hens are caged or free-ranging appears to make no difference to the strength of 
their eggshells.

 b.   b.  Relationship: Over time, there is a negative relationship between the malic acid content of apples and 
storage temperature. The malic acid in apples stored at 4 °C dropped only 0.03 g per mL in 8 weeks, 
while the malic acid of apples stored at 21 °C dropped by 0.08 g per mL and the malic acid content of 
apples stored at 32 °C dropped by 0.17 g per mL.

   Conclusion: : Apples stored at lower temperatures retain their malic acid content longer than those 
stored at higher temperatures.

  c.  c.  Relationship: The trend line shows there is a direct relationship between the biomass of clover and that 
of other plants in the same community

  Conclusion: : Not enough data from this one graph to draw any conclusions about interrelationships.
 d.   d.  Pattern: During the 24 hours they were observed, ducklings spent more than 50% of their time feeding or 

sleeping. Their next main activity was swimming, followed by preening, walking and standing, in that order.
   Conclusion: : Not enough data (24 hours only) to draw a conclusion, but it would appear that feeding 

and sleeping are the two most important activities for ducklings.
 e.   e.  Pattern: Continuous variation. The length of petioles in this strawberry species’ sample ranged from 4 to 21 

cm, with the most common length being between 10 and 15 cm. Only one petiole measured between 19 
and 21 cm.

  Conclusion:  Petioles in this strawberry species show continuous variation in length. 
2. 2. It is very unlikely that a small-scale investigation could establish a causal link, because there would be 

insufficient data to make such links.

Unit 7: Discussion and report (page 56)
1. a.1. a. 5  b.b. 2 c.c.   1 d.d.   9 e.e.   4 f.f.   6 g.g.   7 h.h.   8 i.i.   3 j. j.   10
2. 2. The enzyme pepsin is found in the human stomach, where it digests protein, including egg white. Since the 

normal temperature of the stomach is around 37 °C, it was expected that pepsin would be most active at 
this temperature. As enzymes themselves are proteins, enzymes are denatured by heat and usually become 
inactive at high temperatures.

Answers science 1.5   Achievement Standard 90944

Unit 1: Atomic structure (page 60)
1. a.1. a.  The atomic number describes the number of protons in an atom of the element, while the mass number 

describes the number of protons plus neutrons in an atom of the element.
 b.   b.  The mass of an electron is negligible compared with the mass of a neutron or proton – electrons can be 

considered as having no mass.
2. a.2. a. 1    b.b. 1
 c.  c. 

+ 

electron

proton

–

 d.  d. The 1 + proton and the 1 – electron ‘cancel each other out’, making the atom electrically neutral.
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Unit 1: Variables (page 142)
1. 1. The independent variable is the thing you decide to change throughout the investigation; the dependent 

variable is the variable that you measure; controlled variables must be kept constant, to ensure a fair test.
2. a. i.2. a. i. Force on spring  ii.ii.   Distance the spring extends
  iii.   iii. Use the same spring for all readings
 b. i. b. i. Height the ball falls  ii.ii.   Height of first bounce
  iii.   iii. Method of release / type of ball / surface ball drops on
 c. i. c. i. Height of ramp  ii.ii.   Distance car travels
  iii.   iii. Use the same car, ramp and flat surface
3. a.3. a. Length of time water is heated.
 b.   b.  Starting temperature of water / volume of water / water container shape / position of water container on 

microwave tray (any three).
 c.   c.  Dependent variable is temperature, which would be measured in degrees Celsius with a thermometer 

immediately the microwave stops for each trial.

Unit 2: Measurements and accuracy (page 144)
1. a.1. a. 6.5 mL   b.b.   17 mL c.c.   160 mL d.d.   4.5 mL
 e.  e. 30.3 °C   f.f.   25.4 °C g.g.   1 °C  h.h.   180 °C
 i.  i. 0.2 amps  j.j.   –1.5 amps k.k.   0.7 amps l.l.   –6.0 amps
 m.  m. 2.2 N   n.n.   7.2 N o.o.   4.8 N p.p.   34 N
2. a.2. a. 0.45 A   b.b.   4.5 V
3. a.3. a. 12.5 cm   b.b.   40 s  c.c.   30.2 mA
4. a.4. a. Zero error results from a measuring instrument not starting at exactly zero.
 b.  b. 52.3 cm Add 2 mm to each raw data result before calculating the average.
 c.   c.  When measuring the height of a bounce, the eye must be at the same horizontal level as the top of the 

ball.
 d.   d.  The position of the eye is a judgement and a bouncing ball moves quickly, so each measurement could 

be slightly wrong. Measurements had to be repeated and averaged to increase accuracy.
5. a.5. a.  Piri’s results are likely to be most accurate because they are measured to the nearest 10 cm and all four 

results are similar to one another.
 b.  b. Yes, but only just. At least four trials should be carried out for any value tested.
 c.   c.  Human error – Toni’s hand might have slipped on her third trial; careless measuring of distance; wind 

blowing the rubber bands if outside. Check with your teacher if you have other answers.
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