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MATHEMATICS AND STATISTICS 2.10 Internally assessed 
3 credits

Conduct an experiment to investigate 
a situation using statistical methods

Experiments
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).

• 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.

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, you may wish 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 confirms that the reaction times of cell 
phone users slow dramatically, increasing the risk of 
accidents’ (all information sources should be given).

As a result of your research and reflection, you should 
include a prediction of the results you think you will 
obtain.
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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.

Example
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.

Exercise A: Experimental 
design
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. 

Ans. p. 35a. What type of experiment is being conducted?

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?
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Analysis
From the data obtained from the experiment you will calculate statistics (mean, median, standard deviation, 
range) and draw appropriate graphs. The type of graph drawn will depend on the type of experiment conducted. 

Paired comparison
For a paired comparison, results can be presented using a paired dot plot.
• Each dot represents the measurement (the value of the variable) for a single subject.
• The dot representing the ‘before treatment’ measurement for a subject is joined to the dot representing the 

‘after treatment’ measurement for the same subject.

You should discuss the differences in ‘before’ and ‘after’ values in terms of the direction of the arrows, any 
clusters, outliers or unusual features.

Example
A paired dot plot is drawn for weights of giant pandas in a zoo before and after a new feeding system is 
trialled.

Paired dot plot for panda weights

100 105 110 115 120

Without treatment

With treatment

kg

Here it can be seen that the weights of the pandas after the new feeding system is trialled are more closely 
clustered than the previous weights of the pandas. Four of the seven pandas gained weight (right-pointing 
arrows) while three of the pandas lost weight. Weight losses tended to be greater than weight gains. In 
particular, one panda lost a lot of weight under the new feeding system (longest arrow).

The actual difference between the two measurements can be calculated for each individual, and presented on 
a dot plot or single box-and-whisker plot. If most of the plot is to one side of zero (e.g. the box is to the right of 
zero), then there is evidence that there is a difference between the two measurements.

You should also discuss what is observed in terms of the centre, spread, unusual features and percentages (25%, 
50%, 75% of participants).
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Example
The reaction times of a group of students were 
measured while driving using a car simulator, 
where ‘reaction time’ (the time a student took to 
brake when an obstacle appeared) was measured, 
first while the student was driving without texting 
on a cell phone, then while the student was driving 
while texting. The results are shown in the table 
alongside.

By calculating statistics and drawing appropriate 
graphs, what conclusions can you draw about how 
texting affects reaction times?

Solution
From the above data the following statistics (to 
1 d.p.) can be calculated:

Reaction times (seconds)

Mean
Standard 
deviation

Range

Without 
texting

2.4 0.6 2.3

With texting 2.7 0.4 1.8

Subject 
number

Reaction 
time without 

texting 
(seconds)

Reaction time 
while texting 

(seconds)

1 2.5 3.0
2 3.8 3.6
3 2.6 2.9
4 2.7 2.8
5 2.2 2.4
6 1.8 1.9
7 1.9 2.2
8 1.5 1.8
9 2.4 2.8

10 2.8 3.0
11 1.7 2.9
12 2.3 2.8
13 2.1 2.7
14 2.6 2.9
15 3.2 3.0
16 1.7 2.7
17 3.1 2.7
18 2.2 2.8
19 1.9 2.5
20 2.5 2.9

Note: The mean and standard deviation can easily be calculated using a scientific or graphics calculator. 
The standard deviation is a measure of how spread out the data is about the mean (the larger the standard 
deviation, the more widely scattered the data values are about the mean).

We can see that ‘reaction times without texting’ have a larger standard deviation and so are more spread 
out and hence less consistent than ‘reaction times with texting’.

As this is paired data, the most appropriate graph to display the raw data is a paired dot plot.

 1.5 1.6 1.7. 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0

Without 
texting

With 
texting

Seconds
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Looking at the pattern produced in the paired dot plot, it can be seen that most of the arrows point right, 
indicating an increase in reaction times when driving while texting. There are three individuals whose 
reaction times decreased when driving while texting – it is interesting to note that these three individuals all 
had the longest reaction time when driving without texting.

Reaction times without texting 
are more spread out (1.5–3.8 
seconds) than reaction times 
with texting (1.8–3.6 seconds). 
Reaction times with texting 
have a cluster of values around 
2.7–3.0 seconds.

Adding a column for differences 
in reaction times (reaction time 
with texting minus reaction time 
without texting) gives the table 
alongside:

Subject 
number

Reaction 
time without 

texting 
(seconds)

Reaction time 
while texting 

(seconds)

Differences 
(seconds)

1 2.5 3.0 0.5
2 3.8 3.6 –0.2
3 2.6 2.9 0.3
4 2.7 2.8 0.1
5 2.2 2.4 0.2
6 1.8 1.9 0.1
7 1.9 2.2 0.3
8 1.5 1.8 0.3
9 2.4 2.8 0.4

10 2.8 3.0 0.2
11 1.7 2.9 1.2
12 2.3 2.8 0.5
13 2.1 2.7 0.6
14 2.6 2.9 0.3
15 3.2 3.0 –0.2
16 1.7 2.7 1.0
17 3.1 2.7 –0.4
18 2.2 2.8 0.6
19 1.9 2.5 0.6
20 2.5 2.9 0.4

A box-and-whisker plot is drawn for the differences in reaction times.

Seconds
–0.6 – 0.4 – 0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Differences in reaction time

From the plot of the differences between reaction times with/without texting, it can be seen that 75% of 
participants had a difference in reaction time of more than 0.15 seconds (i.e. their reaction times while 
texting were more than 0.15 seconds slower than their reaction times without texting).

The median difference was 0.3 seconds with an interquartile range of 0.4 seconds. The data is a little 
skewed to the right, with the differences in reaction times between the median and upper quartile being 
more spread out than the differences in reaction times between the median and the lower quartile. 
Based on the graphs and statistics we can conclude that for the group in this study, driving while texting 
caused reaction times to be slower. 
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Comparing two independent groups
For an experiment that compares two independent 
groups (categories), data should be presented using 
side-by-side box-and-whisker graphs. Comments can then 
be made on what is observed, including the medians, 
the middle 50%, variation (using the interquartile range), 
skew, symmetry, shift and any outliers.

Note: It is not relevant to analyse ‘differences’ as the 
values are not ‘paired’ (there are not two observations 
for the one subject).

To be confident about concluding that there is a 
significant difference between the two groups there 
must be a large enough difference between the group 
medians. Graphically this could appear as the median of 
one group falling outside the middle 50% of the other 
group, i.e. the value of the median does not lie within 
the box of the second group.

The standard deviation (SD) is a measure of how 
spread out the data values are.

Example
A busy office receives a large number of customer 
enquiries by telephone. A new system is trialled 
for dealing with customers in order to see if this 
reduces the time a customer has to wait ‘on hold’ 
before their call is responded to by an office 
representative.

A group of 60 people are randomly selected from 
the customer data base, and randomly allocated 
to two groups, A and B. Each group member 
is asked to call the office between 10 a.m. and 
4 p.m. on a set day, and record the number of

seconds that they were put ‘on hold’ for. Group A 
is given a day during which the old system is in 
use, and Group B is given a day during which the 
new system is in use.

The results were as shown.

Wait (sec) System Wait (sec) System

9 A 83 B

14 A 73 B

23 A 36 B

2 A 69 B

15 A 34 B

63 A 31 B

26 A 51 B

75 A 8 B

22 A 56 B

43 A 143 B

24 A 80 B

10 A 93 B

93 A 5 B

85 A 0 B

18 A 49 B

46 A 17 B

77 A 88 B

60 A 98 B

59 A 14 B

19 A 60 B

67 A 91 B

91 A 5 B

54 A 12 B

21 A 89 B

113 A 31 B

59 A 24 B

27 A 33 B

120 A 17 B

107 A 21 B

62 A 87 B
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Practice assessment task
Running economy is a measure of how efficiently a person uses oxygen while running at a given pace. Running 
economy has been found to be a good predictor of race performance.

A number of variables that may affect running economy. These include biomechanical factors, technique, fitness, 
age, and environmental conditions. (Source: Wikipedia)

Your task is to plan, carry out and report on a statistical experiment to investigate an aspect affecting running 
economy.

Your report should contain the following:
• Introduction – the investigative question and the purpose of the investigation
• Method – describe the experimental method, including a plan of the experiment and the process used to 

collect the data; include the variables and measures you have chosen and give the reasons that you have 
chosen them, linked to any relevant knowledge about the context. Consider any related variables and how 
these may affect the experiment.

• Analysis – select and discuss appropriate displays and measures
• Discussion – discuss your findings and reflect on the process, describing any limitations or possible 

improvements to the experiment process that you have identified.

Ans. p. 40
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Achievement Standard 91265 
(Mathematics and Statistics 2.10)
Exercise A: Experimental design (page 3)
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. g

 v. a  vi. e  vii. c

3. a.  The control group is necessary to ensure that any changes in 
cholesterol level were due to the change in their 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 
above). 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.

    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.

 

ANSWERS


