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Experiments and variables
In this standard you will pose an investigative question and conduct an experiment, in which statistical 
data is collected and analysed, to help find the answer to a statistical question involving causality.

In your investigation, you will use each component of the 
statistical enquiry cycle (PPDAC):
• Problem: decide on the statistical question that is to be 

investigated.
• Plan: plan the experiment, giving a detailed description 

of the way the experiment is to be conducted, defining the 
variables and measures to be used and how data will be 
collected and recorded.

• Data: carry out the experiment and collect data.
• Analysis: use and discuss appropriate displays and statistics. Displays will include paired dot 

plots and box-and-whisker plots. Suitable statistics may include the mean and standard deviation, 
or the median and interquartile range.

• Conclusion: communicate your findings in a conclusion, ensuring that you answer the question 
posed.

Variables
A variable is a characteristic of interest which is measured in an experiment, such as the amount of time 
taken for a task to be performed, or the weight of a piece of fruit.

Many experiments involve investigations into how one variable responds to a change in another 
variable. For example, the weights of tomatoes (response variable) may be measured after the 
tomatoes have been grown with or without fertiliser (an independent category variable).

Decisions made about the variables in the design process should be justified.  For example, the amount 
of fertiliser used in the experiment could be justified based on research or previous studies.
• Values of the independent variable (or explanatory variable) can be selected or manipulated 

by the experimenter – the inclusion (or not) of fertiliser can be controlled.
• The dependent variable (or response variable) responds to the changes to the values of the 

independent variable – the weight of the tomato will vary in response to whether fertiliser was 
applied or not.

Conclusion

Problem

Plan

DataAnalysis

Statistical 
enquiry 

cycle
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1. An experiment was conducted to see if rats could learn their way through a maze better with music 
playing or without music playing.
a. i. What is the explanatory variable in this experiment?

 

ii. What type of variable is this?

b. What is a suitable response variable for this experiment? Describe your variable and give its 
unit of measurement.

2. A new brand of margarine has been introduced to the market. The manufacturers claim that 
customers who use the margarine instead of their usual margarine/spread will reduce their 
cholesterol levels.
a. i. What is the explanatory variable in this experiment?

ii. What type of variable is this?

b. What is a suitable response variable for this experiment? Describe your variable and give its 
unit of measurement.

3. Corinne is going to conduct an experiment to determine if students can jump to a higher point on a 
wall if a target is placed on a wall, than if no target is used.
a. What is the explanatory variable in this experiment?

b. What is a suitable response variable for this experiment? 
Describe your variable and give its unit of measurement.

Answers
p.  53
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4. In an experiment, participants were asked to estimate, within 5 seconds, the value of the product 
of eight numbers. 

 Participants were asked to estimate the value of the product 1 × 2 × 3 × 4 × 5 × 6 × 7 × 8 or 
the product in reverse: 8 × 7 × 6 × 5 × 4 × 3 × 2 × 1.
a. What is the explanatory variable in this experiment?

b. What is a suitable response variable for this experiment?

5. One group of Year 9 students was given a written basic maths facts test, while another group of 
Year 9 students was given the test orally. The results of the tests were then compared.
a. What is the explanatory variable in this experiment?

b. What is a suitable response variable for this experiment?

6. One group of swimmers swam a 25-metre race in an unheated pool, while another group swam 
the 25-metre race in a pool that was heated to 28 °C.
a. What is the explanatory variable in this experiment?

b. What is a suitable response variable for this experiment?

7. One netball team was given an energy drink 5 minutes before a training run, while another netball 
team was given water to drink before a training run. 
a. What is the explanatory variable in this experiment?

b. What is a suitable response variable for this experiment? 
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Problem, purpose and plan
Problem
A statistical experiment investigates causality. The goal is to determine whether a change to an 
independent variable (this change is called the treatment or intervention) causes a change in the 
dependent variable (i.e. in the values of the variable that is to be measured in response to the 
treatment).

Purpose and plan 
When designing an experiment you will start with an introduction to the context that is to be 
investigated.

For example, your purpose may be to investigate the impact of using cell phones while driving. 
This can then be refined into a specific question to be investigated, such as ‘Do drivers have a slower 
reaction time when they are texting while driving?’

It may be appropriate to research the topic. You may wish to discuss information from previous studies, 
e.g. ‘a new study of drivers confirms that the reaction times of cell phone users slow dramatically, 
increasing the risk of accidents’. All information should be from reliable sources, and these sources 
should be given. You should also reflect on the question and use any knowledge you already have 
about the context. 

As a result of your research and reflection, you will pose an investigative question. You should include a 
prediction of the results you think you will obtain.
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1. A researcher is interested in the question, ‘Do rats learn their way through a maze better with 
music playing or without music playing?’
a. Why do you think that the researcher may be interested in this question?

b. Do some research to provide background information for this researcher. Summarise your 
findings and quote any sources you find.

c. What do you predict is the answer to this question?

2. A running club is interested in finding out whether training 3 times per week over longer distances 
is just as good as training 5 times per week over shorter distances, if the total distance run is the 
same for both types of training.
a. Give some context for this question. Why do you think that the running club may be interested 

in this question?

b. Do some research to provide background information for this researcher. Summarise your 
findings and quote any sources you find.

Answers
p.  53
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3. A researcher is interested in finding out whether cuts heal more quickly if left exposed to air, or 
covered with a bandage.

 Do some research around this situation. Summarise your findings and make a prediction based on 
your research.

4. A cafe is interested in finding out whether offering ‘every 10th coffee free’ improves its income 
from weekly sales of coffee. 

 Do some research around this situation. Summarise your findings and make a prediction based on 
your research.
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Experimental design
In designing an experiment, one of two different types of experiment will be used.
• Paired comparisons: before-treatment and after-treatment measurements are taken on the 

same person or object. For each individual in the experiment there will be two linked pieces of 
information.

• Comparison of two independent groups: compare outcomes from a group that has had 
some form of treatment with outcomes from a control group (given no treatment); or compare 
outcomes from two groups with different treatments. For each group in the experiment there will 
be one piece of information for each individual.

The size of the groups used in the experiment should be carefully considered. If the group size is small 
there will be a lot of variation in results simply due to naturally occurring differences between individuals, 
which cannot be controlled. It is important therefore to try to use as large a group size as is practical.

Paired comparisons
In a paired comparison, data is collected for each individual before and after an intervention or 
treatment, e.g. reaction times before and after drinking cola could be measured.

When designing an experiment, it is important to identify factors other than the treatment that may 
have an impact on the response variable (the variable of interest) and cause extra variability. The 
effects of these extra factors should be minimised (or removed) in order to reduce variation in the 
values the response variable takes. The aim is to be able to attribute any differences observed to the 
treatment of interest that is being applied.

For example, after a student’s reaction times before drinking cola have been tested, the student would 
then be familiar with the testing process for reaction times. This familiarity could have an impact on 
the response variable for the student taking the second part of the test (leading to faster reaction times 
than would normally be achieved after drinking cola).

To minimise the effects of the ‘familiarity factor’, students should be randomly assigned to two groups. 
This could be done using a list of the individuals and using random numbers (2Ran# + 1) to assign 
participants to each group until one group has half the individuals, with the remaining participants being 
placed in the second group. Each group would then perform the two parts of the experiment in a different 
order (one group would have cola first, the other group would have cola second).
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Comparison of two independent groups
In this experiment, participants are randomly placed in two groups. This technique is often used in 
medical trials, where one group is given a new treatment while the other is given a placebo (a neutral 
treatment) and is used as a control group (participants are usually unaware which group they have been 
assigned to). Alternatively, each group can be given a different treatment and then results compared.

It is important that participants are randomly assigned to groups. This can be done using random 
numbers as explained above. Assigning participants to groups in this way is called randomisation 
and is the most reliable method of creating groups while avoiding any potential biases. By randomly 
assigning individuals to groups, differences between the results for the ‘treated’ and ‘untreated’ groups 
are less likely to be due to chance.

While randomisation helps to ensure that groups are as similar as possible, the results of a single 
experiment may not necessarily be reliable. To improve the reliability of results, the experiment can 
be repeated. This process is called replication. Consistent results after replication of an experiment 
improves the confidence that researchers can have in their conclusions.

As with a paired comparison, sources of variation need to be considered and their impact minimised.

Random selection and random assignment
These two techniques should not be confused.

Random selection is a method for selecting a sample from a population, in which each person in the 
population has an equal chance of being selected.

In a comparison of two independent groups, random assignment allocates participants into 
the control or treatment group using a random selection method. This is an essential part of the 
experimental process and occurs after the participants have been selected.

Examples
A researcher uses a random selection method (e.g. a random number generator) to select a 
random sample of 100 students from a school roll. From this sample, names are drawn by lottery, 
and alternately allocated to the control group or the treatment group. By this random allocation 
method, 50 students are chosen for the control group and 50 students for the treatment group.

If participants are not randomly assigned to treatment groups, this can lead to non-equivalent groups 
(i.e. groups whose characteristics are not evenly balanced). Differences between the group outcomes 
could then be attributed partly to differences in the composition of the groups, rather than resulting 
from the treatment. This would make it impossible to conclude if the treatment had caused any change.

Note: It is not necessary to initially randomly select participants, although if participants are not 
randomly selected then this will limit any conclusions that can be made. However, it is always 
necessary to randomly allocate participants to the treatment groups.

If in an experiment the treatments are randomly assigned to participants, then this can provide 
evidence for a cause-and-effect relationship. If the participants are a random sample from a population, 
then conclusions from the experiment can be generalised to the population.
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1. An experiment was conducted to see if rats could learn their way through a maze better with music 
playing or without music playing. The rats were randomly assigned into treatment groups. It was 
found that the rats with music had lower maze times than those without music. The rats were then 
reassigned to two groups and the experiment repeated. 

a. What type of experiment is being conducted – paired comparisons or comparison of two 
independent groups?

 

b.  What term is applied to the repetition of the experiment and why is this process important?

 

c.  Under what conditions could the results of the experiments be applied to the behaviour of all 
rats?

Answers
p. 53
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2. Listed below (i–viii) are some terms associated with experimental design. Match each with its 
explanation from the list a–h.

 i. sources of variation

 ii. randomisation

 iii. experimental design

 iv. replication

 v. independent variable

 vi. treatment

 vii. dependent variable

 viii. placebo

a. the quantity changed by the experimenter
b.  the process of ensuring participants are 

randomly assigned to groups
c.  the quantity being measured by the 

experimenter
d.  factors that could affect the outcome of the 

experiment
e.  what is being done to the participants in the 

experiment
f.  rules for assigning treatments to participants 

in an experiment
g.  a neutral treatment 
h.  repeated application of some treatment on 

re-randomised groups

3. A new brand of margarine has been introduced to the market. The manufacturers claim that the 
margarine, if used to replace their usual margarine/spread for a period of seven days, will lower 
cholesterol levels. A researcher has decided to randomly select 50 people to trial the margarine 
and 50 people to act as a control group. He records the cholesterol levels of all participants at the 
beginning of the trial and again after seven days. 
a.  Why does the researcher need to use a control group?

b.  What factors does the researcher need to consider to ensure that he can draw a valid 
conclusion about the benefits of using the margarine at the end of his experiment?
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Answers
Experiments and variables (page 2)
1. a. i. Playing (or not) of music.

  ii. Category

 b.  The time (in seconds) taken for a rat to make its way through 
a maze.

2. a. i. Consumption (or not) of the new brand of margarine.

  ii. Category

 b. Cholesterol level (milligrams per decilitre) of a participant.

3. a. Placing (or not) of target on wall.

 b. Height (cm) that a participant jumps.

4. a. The order in which the numbers are written.

 b. Estimate of the value of the product.

5. a. Whether the test is written or oral.

 b. Number of correct answers to test.

6. a. The heating (or not) of the pool.

 b. Time taken (seconds) to swim the race.

7. a. Whether the drink is an energy one or water.

b. Time taken (seconds) to run the course.

Problem, purpose and plan (page 5)
Answers will vary. 

Experimental design (page 9)
1. a. This is a comparison of two independent groups.

b. Replication. If an experiment is replicated, any conclusions are 
more reliable.

c. The rats would need to have been randomly selected from 
the population of all rats. The experiment would need to 
have controlled other variables, so that the treatment (playing 
music or not) is the explanation for differences in maze times.

2. i. d  ii. b  iii. f  iv. h

 v. a  vi. e  vii. c  viii. g

3. a.  The control group is necessary to ensure that any changes 
in cholesterol level were due to the change in the margarine 
rather than due to other factors.

b.  The experimenter needs to ensure as much as possible that 
the people in the trial do not use other brands of margarine or 
take other measures to reduce their cholesterol levels during 
the week. He would need to ensure that the cholesterol levels 
are measured accurately at the beginning and end of the trial.

4. Answers may vary. Examples follow.

a. Does having a target on a wall result in students being able to 
jump higher?

b. Paired comparison: Obtain a list of students and randomly 
assign them to one of two groups. Use a calculator to 
generate random numbers 1 (for Group 1) or 2 (for Group 2) 
(using 2Ran#+1), until half the students are in one group. 
The remainder will then go into the other group. Students 
from Group 1 will do the experiment without the target first, 
then with the target, while those from Group 2 will do the 
experiment with the target first then without it second. This is 
to ensure that having two attempts (one without target and 
one with target) does not favour the second jump. Students 
will start from a marked starting point and do a standing jump 
against a high wall. Measure the height that each student can 
reach up the wall with their fingertips. Next a target will be 
affixed to the wall at a height well above the highest height 

any student had previously reached. Have each student repeat 
their standing jump and again measure the height reached up 
the wall. (Have the second group repeat this process with the 
jumps completed in reverse order.) For each participant, record 
the height with and without the target.

c. Comparison of two independent groups: Obtain a list of 
students and randomly assign them to one of two groups (as 
above). By randomly selecting the groups this should minimise 
differences created by the physical differences/abilities 
between individuals. Group 1 will jump with a target, Group 2 
will jump without a target and the jumps of the two groups 
will be compared. Have Group 1 jump from a marked spot 
against a wall and reach up as high as possible. Measure the 
height their fingertips reach. Place a target at a height well 
above the highest height reached by the first group. Have the 
second group jump from the same marked spot and measure 
the height reached on the wall.

5. Answers may vary. Examples follow.

a. Does having music played while memorising a list of words 
increase the number of words a student can recall?

b. I think Sam will observe a decrease in the number of words 
recalled when music is played.

c. The students can be randomly assigned to one of two groups 
(as explained on page 7). The first group will study the list of 
words without music first, then with music. The second group 
will study the list of words with music first, then without. This 
is to try to compensate for students developing a memorising 
technique in their first attempt and so remembering more in 
whichever they do second.

 A PowerPoint™ slide with 20 equally spaced words, in no 
obvious order, will be displayed on a screen for two minutes. 
The students will then be asked to wait in silence for two 
minutes, before being allowed two minutes to write down 
as many words as possible. An easy-listening tune will then 
be played while a second slide of 20 different words will 
be displayed for two minutes. The music will continue to 
play for two minutes; then, with the music still playing, the 
students will be given two minutes to write down as many 
words as they can recall. The experiment will be repeated in 
reverse order (music first then none) for the second group, 
who will not have been present during Group 1’s part in the 
experiment.

 The number of words recalled will be given as a score out of 
20. Each student will have two scores, one without music and 
one with. These will be compared.

d. i.  Students may become confused with which words were 
on which list, when doing the second list; the length of 
the words could affect their ability to be recalled; the type 
of word could affect the students’ ability to recall – nouns 
may be easier than, for example, adjectives; the type of 
music being played could affect students’ recall – baroque 
music may have a different effect from rock music; music 
with words being sung may have a different effect on 
memory from music without words.

ii.  Sam could reduce confusion between lists by allowing 
sufficient time between the two parts of the experiment.

    Sam could ensure all words are of similar length and 
complexity.

   Sam could ensure all words are of the same type.

    He could also repeat the experiment trying different word 
types.
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    Sam could repeat the experiment using different types of 
music, or if he had a sufficiently large number of students 
available, he could randomly assign them to a number of 
groups, with each group using a different music type.

Experiments and observational studies (page 15)
1. This is an observational study as the researcher is not imposing a 

treatment – the level of coffee consumption is pre-decided by the 
mother. In this case other factors may have an impact on the birth 
weight, for example those mothers who drink a large amount of 
coffee may also smoke or overeat and so it will not be possible to 
reach a causal conclusion.

2. This is an experiment as the treatment is being imposed on the 
rats, and rats can be randomly assigned to treatment and control 
groups.

3. This is an observational study as the researcher is not controlling 
how much someone is paid and will not be able to make a cause-
effect conclusion – there may be other factors that will affect 
income, such as levels of experience, education and ambition.

4. This is an observational study as the researcher cannot impose 
the treatment (i.e. a dog attack) and participants are not randomly 
assigned.

5. This could be an experiment provided participants are randomly 
assigned to a group – one that is played music and one that is not 
– and a clear variable is being measured, e.g. the number of words 
a student could memorise in a set time.

6. This is an observational study as the researcher cannot impose the 
treatment (vaping) and participants are not randomly assigned.

Sources of variation (page 19)
Answers may vary; some possible responses follow.

1. a.  Heavy smokers may have other health issues that contribute 
to mental health issues; they may be heavy drinkers or drug 
takers; they may be unemployed or poorly educated (so health 
messages and support don’t get through to them); or living a 
stressful life such as being homeless.

b. Heavy coffee drinking may be part of a generally unhealthy 
lifestyle, with poor diet choices, and smoking (which are factors 
associated with smaller babies); stressful lifestyle, smoking or ill 
health of the mother may also be confounding variables.

c. Time of year could be a confounding variable. Ice-cream sales 
are likely to be higher in warmer weather, and more murders 
may occur when people are more likely to be out and about at 
parties and in bars, etc.

d. Age – the larger the student’s shoe size, the older they are 
likely to be, and hence the higher their reading age is likely to 
be.

e. The confounding variable is obesity – both variables are 
related to dietary choices.

2. a.  Type of music played; volume of music; time of day music is 
played; distance of employee from the music source; size of 
packages; availability of packages

b. Employee motivation; job satisfaction level; alertness/fatigue 
of employee; co-operativeness of employee; music preferences 
of employee

3. The type of cup the drink comes in could affect a person’s choice 
(should use identical cups). Some students may be regular drinkers 
of one brand, so that they are easily able to identify that brand, 
and by elimination can then identify the other brand (even if the 
other brand doesn’t have a distinctively different taste) – random 
allocation to groups should overcome this. The order in which each 

drink was sampled may have an impact on identification (a mixture 
of orders should be used). Whether a drink was chilled or not 
may also add a level of confusion (e.g. unchilled cola may taste 
quite different to a person used to  chilled cola drinks) – chilled 
drinks should be provided as this is the more common way cola 
is consumed. The colour of the cola may be distinctive – if so, the 
colour of the cola should not be visible to the student.

4. The paper planes in the two experimental groups should have 
the same structure and aerodynamic properties – e.g. same 
design, type of paper and tightness of folds (if these variables are 
uncontrolled, the plane with superior aerodynamic properties will 
fly better and longer, affecting how fast it drops); the method of 
launching of the planes should be the same for both experimental 
groups (same force, same height, same direction); the conditions 
in which the plane is flown should be held constant for the two 
experimental groups (lack of wind, etc.); the shape and size of the 
weights being attached should be held constant, as should the 
method by which the weight is attached to the plane.

Paired comparisons (page 26)
Comments may vary, examples are given.

1. a. i.  Peak expiratory flow rate (PEFR)

 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410

Before 
exercise

After 
exercise

ppm

ii. From the paired dot plot, most arrows are showing a 
decrease in PEFR after exercise. There was only one person 
who showed a small increase in PEFR. The data ‘before 
exercise’ is slightly less spread out than the data for ‘after 
exercise’.

b. i. Before 
exercise

After 
exercise Difference

1 290 231 59

2 240 199 41

3 402 330 72

4 388 312 76

5 298 225 73

6 254 256 –2

7 395 325 70

8 340 236 104

9 310 280 30

10 320 280 40

PEFR differences

ppm
–20 0 20 40 60 80 100 120

ii. At least 75% of the group has a difference (reduction) of at 
least 40 ppm. The central 50% of differences are skewed 
to the left, with the differences between the lower quartile 
and the median being more spread out. The median 
difference is 64.5 ppm. Based on this graph we could 
conclude that vigorous exercise causes a decrease in PEFR 
for these asthmatics.
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