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Biology investigations

A biological investigation is a way to find an answer to a question or to test out an idea that involves living 
organisms.

Biology studies life in action. In biology investigations, you collect primary data by making observations, 
carrying out experiments, doing field work, or using apparatus that models a biological process. You may 
need to use secondary data – facts and figures collected by someone else – to help plan and carry out your 
investigation, and interpret the results.

Types of investigation
The main types of investigation are fair-test investigations and pattern-seeking investigations.

Fair-test investigations – you control certain factors, called variables, and measure other variables to get a 
result.

Example: Fair-test investigation

Sam provided identical sets of seedlings with different quantities of the same fertiliser and measured 
the seedlings’ growth rates.

Growing seedlings

Pattern-seeking investigations – you take samples to identify and describe a pattern.

Example: Pattern-seeking investigation

Hemi took samples of plants to identify and describe where and how water plants grew at the edge of 
a pond.

Water plants
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A sound investigation
By carrying out a sound investigation you can reach a valid conclusion. A sound investigation has:
• a hypothesis (a prediction based on a scientific idea)
• a valid, step-by-step method, so you measure only what you want to find out about and nothing else
• reliable data, so the investigation could be repeated by someone else, who would get the same results.

Writing the hypothesis
Your investigation must have a hypothesis for Merit and Excellence. You must rewrite the purpose given by 
your teacher as a hypothesis of about a sentence in length. In your written conclusion you explain whether your 
hypothesis was supported or not supported by the results of your investigation.

Example: Hypothesis

Purpose (given on the task sheet by the teacher)

The purpose of the investigation is to investigate the clotting effect of the enzyme rennin on milk at 
different temperatures.

Hypothesis (written by the student)

I predict that as temperature rises, it will at first take a shorter time for rennin to clot the milk, but as 
the temperature continues to rise clotting time will lengthen as the enzyme rennin begins to denature.

Treatment of animals
Because biology investigations can involve living animals, you must comply with the law for the treatment of 
animals as stated in the Animal Welfare Act 1999 – you must not ill-treat any animal capable of feeling pain. This 
extends to frogs, fish and crabs.

Crabs can feel pain

Observations
You need to observe carefully to see what is or is not important in an investigation. Usually, a trial investigation is 
needed to find out what will or will not work. For example, you might be carrying out an investigation to find out 
how quickly an enzyme acts under different conditions. Will you put the enzyme and substrate in a beaker or in a 
test tube? Does the size of the container matter? 

Observations are often a starting point for other investigations. Observations help you form your hypothesis 
about what the results of the investigation will be.

Measurements
To reduce errors and increase accuracy, measurements usually need to be repeated. There will always be slight 
differences in measurements, because of:
• a slight change in conditions – e.g. a sudden breeze lowering the temperature outdoors
• the measuring instrument used – e.g. a pH meter measures pH more accurately than pH paper does
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• precision of the measuring instrument – a precise instrument gives readings within the same narrow range 
each time

• human error.

pH meter

In some investigations, you need to find an average from a number of repeats. To find an average, add the 
measurements and divide by the number of repeats. The number of repeats needed depends on the accuracy 
required. Do not include anomalous results (those far outside the expected), but do try to explain them. Round 
the average to the smallest number of significant figures of the numbers you started with (e.g. the average from 
1.5, 1.7, 1.6, and 1.3 can be calculated as 1.525, but should be rounded to 1.5).

Planning
A well-planned investigation has a much greater chance of success than a poorly planned investigation.

You can fill in the planning sheet on page 6 (Fair-test investigation) or page 15 (Pattern-seeking investigation) 
as you do your planning.

Biology investigations
1. Complete the following sentences, using words from the word list:
  fair   hypothesis   pattern-seeking   precision   primary   reliable   secondary   sensitive   

 valid   variables 

a. The ___________________ of an instrument such as a balance indicates its ability to measure small 

changes.

b. Data collected doing fieldwork or experiments are called i. ___________________ data.

 Data collected by someone else are ii. ___________________ data.

c. Factors you control and measure during an investigation are called ___________________.

d. In ___________________________________ investigations, you take samples.

e.  Having ___________________ data means the investigation could be repeated by someone else, with 

the same results.

f. A i. ___________________ method measures only what you want to find out about, making the 

investigation a ii. ___________________ test.

g. A ___________________ instrument such as a pH meter measures very accurately.

h. A ___________________ is an ‘educated guess’ about what might happen in an investigation. It may 

or may not be supported.

Answers
p. 51
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2. Tom is planning an investigation to see if temperature has an effect on the rate at which fruit fly larvae 
change into pupae and then into adult fruit flies. He plans to keep 30 fruit fly larvae in each of a number 
of jars, each jar containing the same mass of the same type of rotting fruit; to keep the jars at different 
temperatures, and to count the number of adult fruit flies in each jar at regular time intervals – the same for 
each jar.
a. Is Tom’s investigation a fair-test investigation or a pattern-seeking investigation? Explain your answer.

b. What one word describes mass of rotting fruit, temperature, number of larvae and same time?

c. Tom intends to kill all the fruit flies with fly-spray when he has finished the investigation.  
Is this allowed under the Animal Welfare Act? Explain your answer.

3. Some students observed that mosses on tree trunks in a patch of forest grew mainly on the south side of the 
trunks. They knew that mosses need water to complete their life cycles and that, in the southern hemisphere, 
the south side of trees is more shaded than the north side, providing a moist, favourable environment for 
mosses.
a.  What measurements could the students make to attempt to identify and describe the pattern of moss 

growth on trees in that patch of forest?

b. Suggest the measuring instrument(s) the students might need. 

 c. How could the students reduce errors and increase the accuracy of their results?

4. Find the rounded average for each of the following sets of results, giving the unit 
where appropriate.

 a. Daphnia heartbeats per minute: 20, 22, 23, 19, 22, 24. 

b. Number of adult fruit flies that have emerged after 24 hours: 10, 11, 15, 13, 10. 

 c. Length of parsnip roots in centimetres: 6.3, 4.5, 4.8, 5.9. 

 b. Percentage of rock covered by brown alga at 5 m mark: 50, 25, 30. 
Daphnia
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YOUR INVESTIGATION

1. Copying from your task sheet, write out the purpose (aim) you have been given for your investigation. 

2. What do you predict your investigation will show? Discuss the investigation with a partner and/or carry out 
some research to write a one- or two-sentence hypothesis.

 Hypothesis
 I predict ...

3. Brainstorm how you will carry out your investigation.
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Fair-test investigations

Continue with this section if your investigation is a fair-test investigation.

Turn to the next section if you are carrying out a pattern-seeking investigation.

Variables
Variables are the factors you change, keep constant and measure during a fair-test investigation.

You identify three different types of variable when deciding on the method for your investigation:
• independent variable
• dependent variable
• controlled variables.

Independent variable
The independent variable is the only factor you change in an experiment.

Example: Independent variable

In an investigation to see if temperature has an effect on the speed at which fruit-fly larvae turn 
into adult fruit flies, the independent variable is temperature. It is the only thing that varies in the 
experiment – and the person doing the experiment can choose how it varies, perhaps by keeping one 
jar of fruit-fly larvae in a fridge at a temperature of 5 °C while other identical jars are kept in incubators 
set at constant temperatures of 15 °C, 25 °C and 35 °C.

5 °C 15 °C 25 °C 35 °C

Range of values
The independent variable must have a range of values – at least three. The range for the independent variable 
must be appropriate for the investigation and the organism being studied. For example, in the fruit-fly larvae 
investigation described above, it would be inappropriate to continue the temperature range to 45 ºC because 
enzymes are usually denatured at that temperature, which would kill the fruit-fly larvae.

Dependent variable
The dependent variable is the factor affected by changes in the experiment. What happens to the dependent 
variable depends on the independent variable. In the fruit-fly experiment, the dependent variable is the number 
of larvae becoming adults in a given time. The speed at which larvae become adults probably depends on the 
temperature at which the larvae are kept. You measure the changes in the dependent variable (e.g. by counting 
the number of adult fruit flies in each jar at the same time each day), and the data become your results.
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Controlled variables
The independent variable must be the only thing you change in the experiment. Everything else should stay 
exactly the same so you can be sure it is the independent variable causing the dependent variable to change. For 
example, if different food was given to fruit fly larvae in one jar and the fruit flies in that jar turned into adults 
more quickly than in other jars, it would not be a valid conclusion to say that the temperature of that jar is the 
optimum temperature for the development of fruit flies. The different food might have been the factor that made 
those fruit flies develop more quickly. Making sure everything in the experiment (apart from the independent 
variable) is exactly the same – controlling variables – leads to a fair test.

Trends
To obtain sufficient data to see a trend you should do the following.

Use a sufficient number of subjects and/or carry out repeat trials. For example, in the fruit-fly experiment, 
30 larvae were chosen at random and put in each jar. If, say, only 5 larvae were used, there could be sufficient 
genetic differences between the flies that genetics (and not just temperature) affected the results. Using a suitable 
number reduces the possibility of error in the results. Organisms should be taken at random to reduce bias.

The whole experiment should be carried out at least twice. If the experiment is reliable, results will show the 
same trend.

Control group
A control group is a group that is not tested, but left in its normal condition, as a comparison with another 
group where the variable is being tested. For example, if you were testing the usefulness of a weedkiller to kill a 
certain weed species, you could apply the weedkiller in water to one half of a crop of weeds, leaving the other 
half – the control – sprayed with just water as a comparison.

Variables
1. Identify the independent variable and dependent variable for each of the following investigations.

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.  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.  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: 

Answers
p.  51
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2. For each of the following fair-test investigations, identify two variables that must be controlled (kept constant).
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.

b. Wheat seedlings are grown in water cultures for 2 weeks under different coloured lights, to see which 
coloured light promotes most growth.

c. Ants from one terrarium (laboratory ant colony) are given a choice of sugar or various artificial 
sweeteners to see which is the ants’ preferred food. Ants are counted at a number of feeding stations.

3. Hannah wanted to determine if carrots irrigated with grey water (recycled household water, e.g. from the 
laundry) had greater biomass over a certain period of time than carrots irrigated with fresh tap water. To 
prevent bias, Hannah used carrot seeds from the same packet. She germinated the seeds and grew the plants 
on either side of the same plot in a greenhouse. She added the same amount of water to each group of 
plants each day, and ensured the plants all received the same amounts of light. All carrots were harvested on 
the same day, and cleaned and dried using the same method. The total biomass from each group of plants 
was recorded, in grams.

a. Identify the independent variable in Hannah’s investigation. 

b. What measuring instrument did Hannah use to obtain her results? 
c. Describe five variables controlled by Hannah.
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d. Explain why it was necessary to use seeds from the same packet.

e. Explain why it was necessary to use more than just a few carrot seeds.

4. An experiment was set up to test the effect of certain nutrients on the growth of four groups of plants. The 
diagram following shows one plant from each group at the end of the test period. Which group was the 
control group? Explain your answer.

Usual culture
solution

Culture solution
lacks phosphate

Culture solution 
lacks nitrates 

Distilled water only 

A B C D 

a. Control group: 

b. Explanation: 

5. In an investigation to find the oxygen uptake of blowfly maggots at various temperatures, oxygen uptake 
was measured across temperatures ranging from 10 °C to 45 °C. Suggest why this range of temperatures 
was selected.

6. Sam was carrying out a fair-test investigation to find the effect of temperature on the ability of the human 
digestive enzyme, pepsin, to digest egg-white protein. He chose a range of five temperatures for the 
investigation and measured, in grams, the amount of egg white digested at each temperature.

a. Identify the independent variable in Sam’s investigation. 
b. Suggest a range of temperatures that would be appropriate for an investigation involving this enzyme.

c. Identify the dependent variable in Sam’s investigation. 

d. Describe two variables Sam needed to control (keep constant) so the investigation was a fair test.
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YOUR INVESTIGATION

1. Re-write the purpose of your investigation.

2. Complete the table to describe the variables you will change, measure and control during your investigation.

Independent variable

(What I will change)

Dependent variable

(What I will measure, to find 
the answer to my question)

Controlled variables

(What I will keep the same to 
make sure it is a fair test)

3. a. What units will you use for the independent variable? 
b. What range will you use for the independent variable (at least three values)?

c. How will you measure the dependent variable?

d. What units will you use for the dependent variable? 

e. How many subjects and/or trials do you think you will need? Explain your reasoning.
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answers

Biology investigations (page 3)
1. a. precision b. i. primary ii. secondary c. variables d. pattern-seeking 

e. reliable f. i. valid ii. fair g. sensitive h. hypothesis

2. a. A fair-test investigation, because Tom is controlling some 
variables (e.g. jar size), changing one variable (temperature), and 
measuring another (number of adult flies).

b. Variables.

c. Yes. Fruit flies would not be classified as animals that can feel pain.

3. a. Estimate the percentage of the trunk covered by moss on both 
the south and north faces of the trunk at a number of sampling 
points on the trunk. Repeat for other trees.

b. A compass. To describe circles on the trunk.

A circular quadrat. So students could estimate moss coverage 
inside each circle.

A measuring tape. To measure height from the ground so 
samples are taken at the same heights for 
each face.

For other answers, check with your teacher.

c. Take at least five measurements from each face of the tree and 
average the results. Take measurements from as many trees as 
possible in that patch of forest.

4. a. 22 beats per minute b. 12 adult fruit flies c. 5.4 cm d. 35%

Variables (page 7)
1. a. Independent variable: Phosphate solution, with different 

percentages of phosphate, from 0.05% to 0.25%. Dependent 
variable: Length of radish root, in cm.

b. Independent variable: Temperature, ranging from 10 °C to 45 °C. 
Dependent variable: Oxygen uptake, in mL.

c. Independent variable: pH, from pH 4 to pH 8. Dependent 
variable: Number of heartbeats per minute.

2. a. Size and shape of beetroot discs, method of preparing beetroot 
discs, method of placing discs in the waterbath (any two).

b. Type of seedlings, composition of water culture, light intensity, 
temperature (any two).

c. Amount of food (sugar or sweetener) in solution, amount of 
solution available to ants, position of feeding dishes, time of day 
ants counted.

For other possible answers to 2., check with your teacher.

3. a. Water type – grey water or fresh tap water.

b. A balance. To find the biomass of the dried carrots.

c. Soil (same plot), amount of water, light, harvesting date, cleaning 
method, drying method (any five).

d. Seeds from a different packet may be different variety, size, age, etc.

e. If only a few seeds were used, the genetic differences between 
the seeds could affect the results. Testing as many individuals as 
is practical increases the accuracy of the results.

4. a. Group A.

b. The plants were growing in usual culture solution, containing 
both phosphate and nitrates, which provided a comparison. 
Group D plants were not given any nutrients.

5. Oxygen uptake is related to respiration, which is controlled by 
enzymes. Enzymes work very slowly at low temperatures and are 
denatured above about 45 °C.

6. a. The temperature.

b. 10, 20, 30, 40 and 50 ºC

Pepsin is an enzyme found in the human digestive system and this is 
a range around normal human-body temperature, 37 ºC.

c. The amount of egg-white digested, measured in grams.

d. Two of: The amount of egg-white used at each temperature; the 
amount of enzyme used; time allowed for digestion to take place.

Writing a plan (page 12)
1.
Purpose
To investigate the effect of three different brands of antibacterial wipes on 
the rate of growth of bacteria on agar.

Hypothesis
One of the three brands will be more effective at preventing bacterial growth 
than the other brands are.

Variables

Independent variable Brand of bacterial wipe, A, B or C (range of 3)

Dependent variable
Diameter of clear area around the disc of 
bacterial wipe, measured in mm

Controlled variables

Agar plates all the same size, amount and type 
of agar

Agar inoculated with same bacteria

Same sized discs of bacterial wipe (5 mm 
diameter)

Incubation conditions for all four plates the 
same (25 ºC)

Same incubation time (48 hours)

Control Agar plate with no disc of antibacterial wipe

Plan
1.  Collect four agar plates, sub-cultured with bacteria.

2.  Cut 3 discs of each antibacterial wipe, A, B and C, handling the wipes as 
little as possible to avoid contamination.

3.  Use sterile forceps to place one of each disc on each of three plates, as 
shown in the diagram.

disc A

disc C disc B

4.  Use a marker pen to label the position of each disc on the lids of the Petri 
dish plates.

5.  Leave one plate without any discs.

6.  Seal all Petri dish plates.

7.  Place the four plates upside-down in an incubator at 25 ºC for 48 hours.

8.  After 48 hours remove plates from incubator. Without opening the plates, 
use the ruler to measure the diameters of the clear areas around the discs.

9. Destroy the plates by incineration or another safe method.
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2. thermometer

test tube

beaker

water kept at constant temperature

enzyme and substrate

Pattern-seeking investigations (page 16)
1. a. Random sampling using many quadrat squares.

b. Measuring big toe lengths of individual children in a class of new 
entrants at a school.

c. Vertical transects of wharf piles on each of the four sides of the 
piles (north, south, east and west) from high-water mark to as far 
below low-water mark as possible.

d. Keeping the pumpkin under glass, measure and draw diagrams 
of positions of colonies of fungi and bacteria at regular time 
intervals.

e. Transects from high-tide mark to low-tide mark, with evenly 
spaced, medium-sized quadrats.

f. A 100 m line transect, recording all plants touching the tape.

g. Collect pollen grains separately, examine under a microscope, 
and photograph or draw.

h. Use string or calipers to measure lengths and circumference of 
individual eggs – large sample needed.

2. Collecting data from places easy to access introduces bias and 
negatively affects the reliability of results.

3. Quantitative data are obtained by counting and measuring, e.g. 
numbers of seeds germinated in five days. Qualitative data come from 
observations without measurement, e.g. ‘Many sheep were huddled 
under the macrocarpa trees’.

Writing a plan (page 20)
1. Using the 50-metre measuring tape, extend a transect from the high-tide 

mark to the water at low tide. Every 3 m along the transect, place 
a 0.25 m2 quadrat frame. On the data sheet, record numbers of each 
species of mollusc within the quadrat frame. Repeat at 10 m intervals 
along the shore. Carry out the same fieldwork on at least two occasions 
during the months March to May (autumn) and on a further two 
occasions during the months September to November (spring). 

2. Note and record any relevant variables and then try to identify any 
patterns that result from them.

Obtaining and recording data (page 23)
1. a. beaker b. pipette / eye dropper c. Celsius thermometer  

d. electronic balance e. stopwatch / pulse meter f. ruler g. pH paper / 
pH meter

2. a. A = 7 mL; B = 16 mL; C = 33 mL

b. i. A, ii. C
3. a. A = 17 ºC; B = 34 ºC

b. 17 ºC

4. a. 10 breaths per 30 seconds

b. 29.8 s

c. 5.0 cm Anomalous result, 8.0, excluded

5. a. Wi and Emily’s results are likely to be most accurate because 
they used pH meters, which measure pH more accurately than 
universal indicator measures pH.

b. Fanhua’s order: G, E, H, F. Wi’s order: G, E, H, F – they got the 
same order.

c. The two pH meters might have been calibrated slightly 
differently/human error.

d. Means are E = 3.6, F = 5.5, G = 2.0, H = 3.7.

Tables (page 26)
1. a. 

and 
b.

Acorn lengths 
(millimetres)

Number of 
acorns

 c. 30 mm

24 2

23 4

22 9

21 6

20 11

19 7

18 3

2. a.

Sodium nitrate 
concentration (%)

Number of algal cells in one 100 × 
field of view

Trial 1 Trial 2 Trial 3

0

1

5

10

20

30

b. For each trial, Krystal could count the number of algal cells in 
four or five fields of view of the microscope and find an average 
result.

c. The 0% solution is the control. This assumes there is normally no 
sodium nitrate in the water in which these algae are found; this 
0% solution can be used as a comparison.

3. a.  To find out which organic pesticide spray – pyrethrum, garlic or 
jalapeno pepper – kills aphids most effectively.

b. As a control – a comparison to make sure it wasn’t some factor 
other than spray killing the aphids.

Processing and presenting data (page 32)
1. Graphs must contain a title, a vertical axis with the dependent variable 

and its units, a horizontal axis with the independent variable and its 
units, axes with even scales, accurately plotted points.

2. Because living things are very variable, you cannot make assumptions 
about biological data.

3. a. Line graph b. Shows density of species along a transect c. Line 
graph d. Data are continuous e. Bar chart f. Histogram g. Data can be 
grouped h. Pie chart / bar chart

4. a.
 

Number of bacterial colonies per agar plate
for four types of mouthwash

Goodo

Type of mouthwash

Number of
colonies per
agar plate
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