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In a multivariate data set (table of data) there may be several variables of various types for each 
member of the population.

Example

The beginning of a multivariate data set of data for a sample of Year 9 secondary school students is 
shown, with eight variables defi ned for each student.

Gender: Male or female

Bag carry: Shoulder used to carry schoolbag (left, right, both, neither)

Height: Height without shoes (to nearest cm)

Right foot: Length of right foot without a shoe (to nearest cm)

Wrist: Circumference of wrist (to nearest cm)

Neck: Circumference of neck (to nearest cm)

Index fi nger: Length of index fi nger (to nearest mm)

Number of siblings: How many brothers and sisters a student has

Student number 1 2 3 4

Gender male female male male

Bag carry right both neither right

Height 167 151 148 156

Right foot 27 21 24 22

Wrist 17 16 15 18

Neck 35 31 36 35

Index fi nger 66 61 68 66

Number of siblings 1 2 0 3

The category variables are: Gender and Bag carry 

The discrete variables are: Number of siblings

The continuous variables are: Height, Right foot, 
Wrist, Neck and Index fi nger

These variables need to be measured in the same 
way for each student (the rounding is explained in 
the description of the variables at the beginning 
of the example).
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1.  The fi rst few columns of a multivariate data table are shown for an investigation carried out at 
Star College, a secondary school with 794 junior students (Years 9–11) and 361 senior students 
(Years 12–13).
On the day of the investigation, a sample of students was asked to record their age group (junior or 
senior) the weight of their bag (to the nearest 0.1 kg); the distance they travelled to school (to the 
nearest 0.1 km); the number of absences from school they have had in the previous 2 weeks; their 
reaction time to a simple test and the number of siblings they have.

Age group Junior Senior Senior

Bag weight (kg) 3.5 2.7 4.2

Distance from school (km) 1.5 1.2 2.4

Absences (in previous 2 weeks) 1 0 3

Reaction time (sec) 0.34 0.27 0.38

Number of siblings 2 0 3

Give the type of each variable (category, discrete numerical, continuous numerical)
a. Age group b. Bag weight

c. Distance from school d. Absences

e. Reaction time f. Number of siblings

2. An extract of a table of multivariate data is 
shown for some students from a secondary 
school in New Zealand.

The sex and age of each student was 
recorded, along with various personal 
details including their reaction time to a 
simple test (pressing a buzzer as soon as a 
red light appeared). 

The table shows values of the variables 
age, height, weight, foot length, arm span, 
reaction time and weekly money (from 
pocket money or part-time job).

Student number 1 2 3 4

Sex m f f m

Age (years) 17 13 15 18

Height 1.83 1.58 1.68 1.71

Weight 82 52 61 70

Foot 27 22 23 24

Arm 183 162 156 174

Reaction 0.48 0.38 0.29 0.30

Money 41 10 25 57

a.  Age has unit of measurement ‘years’ which is age at last birthday.
 i.  Include a suitable unit of measurement in the table for each of the remaining six variables. 

You may use abbreviations.

 Answers
p.  69
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• It is important to note that even when random sampling 
methods (such as those described above) are used correctly, a 
sample can result which does not seem to be representative of the 
population from which it was sampled. For example, if a group 
of 10 workers is randomly selected from a staff of 75 men and 
80 women and the resulting group has 10 men and 0 women, 
then the sample does not ‘feel’ random (we would expect roughly 
equal numbers of men and women in the sample), even though 
correct sampling methods were used. If samples of 10 were 
repeatedly taken, then it would be found that a sample with 
10 men and 0 women is very unlikely to occur (it has about a 
1 in 2 000 chance of occurring) but it can occur. 

By defi ning a population carefully and using a suitably large sample size (to reduced the variability of 
samples), a sample is more likely to be representative of the population of interest.

Advantages and disadvantages of random sampling methods
When describing the random sampling method to be used in your investigation, all steps in the method 
must be fully described, and reasons given for your choice of method. 

Each random sampling method has strengths and weaknesses which need to be considered. These are 
summarised in the following table.

Method Advantages Disadvantages

Simple random 
sampling

Uses whole population

Easy to apply for small 
populations

Unbiased

Time-consuming to identify each member

Expensive if population is large or spread out

Sample may not be representative, especially 
if sample is small or has strata

Systematic sampling Quick technique

Easy to apply

Sample may not be representative if there are 
recurring patterns in the population list

Stratifi ed sampling Represents ‘interest 
groups’ in the population 
proportionally

Time-consuming method

Can be diffi cult to work out important strata

Cluster sampling Quicker and cheaper than 
simple random sampling

Clusters may be large and just as diffi cult to 
access as the original population

Clusters may not be truly representative of 
population

Once collected, the data needs to be cleaned to remove any inappropriate or missing values (small 
obvious errors, such as an incorrect unit being used, may need to be corrected).

A data set may also need to be sorted so that its features can be seen more clearly.
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1.  A researcher wishes to compare attributes of 24-month-old children who attend day-care centres 
in two different cities, A and B. As part of the research into City A, the researcher uses records from 
the day-care centre TopTots. To ensure anonymity in the report, each child in the study is assigned a 
number in the multivariate table of data. The sex of each child is recorded. The other variables being 
measured are weight, height, and distance from home to the day-care centre.
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1 Female 11.3 84 2.3 34 Male 13.4 90 1.6
2 Female 8.6 79 1.3 35 Male 12.2 87 2.0
3 Female 10.2 82 2.1 36 Male 10.6 84 1.5
4 Female 11.7 85 1.7 37 Male 13.9 91 1.7
5 Female 12.4 87 1.9 38 Male 9.5 81 1.1
6 Female 10.8 83 3.1 39 Male 12.2 87 1.5
7 Female 11.9 86 2.6 40 Male 11.4 86 2.1
8 Female 10.6 83 3.3 41 Male 12.8 89 1.1
9 Female 12.8 88 2.0 42 Male 10.5 83 1.8

10 Female 11.9 86 1.5 43 Male 13.0 89 2.4
11 Female 11.1 80 1.8 44 Male 12.5 88 1.9
12 Female 11.5 85 2.1 45 Male 11.1 85 1.2
13 Female 14.3 91 1.7 46 Male 14.2 91 1.7
14 Female 13.4 89 2.3 47 Male 13.3 90 2.0
15 Female 12.4 87 2.0 48 Male 13.2 89 1.9
16 Female 14.7 92 2.9 49 Male 14.0 91 1.5
17 Female 11.1 84 1.7 50 Male 11.8 86 1.8
18 Female 12.0 86 2.6 51 Male 14.2 91 2.0
19 Female 11.0 84 1.3 52 Male 13.5 90 1.5
20 Female 13.5 89 2.4 53 Male 14.4 92 1.7
21 Female 12.0 86 1.5 54 Male 14.9 93 1.1
22 Female 11.6 85 2.1 55 Male 13.8 91 2.1
23 Male 11.7 86 1.3 56 Male 15.2 94 2.1
24 Male 13.0 89 3.0 57 Male 13.5 90 2.0
25 Male 14.4 92 2.0 58 Male 10.7 84 2.2
26 Male 10.9 84 2.4 59 Male 13.6 90 1.4
27 Male 15.8 95 1.8 60 Male 12.8 88 1.7
28 Male 13.0 89 2.3 61 Male 12.6 88 1.4
29 Male 15.5 94 1.4 62 Male 12.8 88 1.5
30 Male 11.8 86 1.1 63 Male 14.2 91 2.3
31 Male 12.1 87 2.0 64 Male 10.3 83 1.8
32 Male 13.5 90 2.5 65 Male 13.5 90 2.0
33 Male 13.3 89 2.1 66 Male 13.3 90 2.4

 Answers
p.  69
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Comparing sample distributions using box-and-whisker plots
Side-by-side box-and-whisker plots are very useful for comparing the distributions of samples. You 
should compare the following.
• The shapes of the distributions. In what ways are the shapes of the graphs different? Are the 

graphs symmetrical (with median lines central to the plots) or skewed?
• The spread of the data. What similarities/differences are there between the interquartile ranges (as 

shown by the widths of the boxes) and the ranges (as shown by the total widths of the graphs)?

Remember to make all comments specifi c to the context, referring to the actual variables and their 
units, rather than making general comments about ‘data’ and ‘values’.

Example
Samples of leaves are taken from two 1-year-old shrubs of the same species.
• Shrub A was grown in shady, dry conditions.
• Shrub B was grown in a sunny, well-watered position.

A sample of 40 leaves is taken from each bush and the leaf width measured at its widest point. 
The summary statistics (in cm) are as shown.

Leaf width A B The box-and-whisker plots are as shown.

0 1 2 3 4
cm

Leaf width – dry and wet locations

A (dry)

B (wet)

Minimum 1.4 1.8

LQ 1.8 2.1

Median 2.1 2.7

UQ 2.6 3.2

Maximum 3.0 3.6

Some comparisons of the box-and-whisker plots of the two samples follow.
• The distribution of leaf widths: for shrub A this is positively skewed (the median line is to the 

left of the centre of the graph, but for shrub B this is more symmetrical (median line is more to 
the middle of the graph).

• Spread of leaf widths: both the range (1.6 cm) and interquartile range 
(0.8 cm) of leaf widths from shrub A are smaller than the range (1.8 cm) and 
interquartile range (1.1 cm) of leaf widths from shrub B. This shows that the 
leaf widths of shrub A are more consistent in size.

•  Boxes (showing the middle 50% of leaf widths for each sample): these 
overlap each other, but the median leaf width of shrub B (2.7 cm) lies 
outside the box of A (i.e. above the upper quartile), so that at least 
50% of the leaves of shrub B have widths greater than 75% of the 
leaf widths of shrub A. This is probably to be expected since a lack of 
water usually means that a shrub doesn’t grow as well, and would be 
expected to have smaller leaves as a result.
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1.  The following table shows the heights (in centimetres) of a sample of 30 Year 12 boys and 30 Year 12 
girls from New Zealand secondary schools. (See  www.esa.co.nz for fi le.)

Boys Girls Boys Girls

Source: CensusAtSchool

a.  Draw side-by-side dot plots for the two samples on the grid 
below. Use the same scale for each plot.178 157 187 164

172 168 174 153
185 156 161 160
177 166 170 161
165 160 180 163
172 174 175 157
173 170 170 153
179 166 177 160
182 158 177 161
172 167 186 167
180 169 182 181
178 160 165 166
173 174 172 173
174 158 166 157
159 170 183 172

b.  Calculate the fi ve key summary statistics for each 
sample, then draw a box-and-whisker plot for 
each sample on the same grid and scale as the 
dot plots.

Min LQ Med UQ Max

Boys

Girls

c.  Compare the two samples by referring to features of the graphs you have drawn for the two 
samples.

 Answers
p.  73
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Conclusion

The informal confi dence interval for the population median of Y7/8 female heights overlaps with 
the informal confi dence interval for the population median of Y7/8 male heights, so it is possible 
that the populations of Y7/8 female heights and Y7/8 male heights have equal medians.

So there is insuffi cient evidence to make the claim that the median height of Y7/8 females is 
greater than the median height of Y7/8 males back in the populations of Year 7/8 students in the 
CensusAtSchool database.

However, because the overlap of the boxes is quite large and the overlap of the confi dence intervals 
for the population median heights is quite small, I am not very confi dent about this inference. 
Due to sampling variability, different samples could give different intervals which did not overlap, 
giving evidence to make the call that it is likely that the median heights of male and female Year 7/8 
students are different back in the populations.

This is not what I expected to fi nd, so maybe my impressions (that girls tended to be taller than 
boys at this year level) were incorrect. It may be that because there is a two-year range in my 
data, there are quite a few boys who are starting to get quite a bit taller by the end of Year 8 (my 
research has told me that the growth spurt of boys is around 12–15 years of age, which is, on 
average, about 2 years later than the age at which girls have a growth spurt). Perhaps I should 
have restricted my question to Year 7 students only, which is more likely to be a time when girls are 
growing more quickly than boys.

This information would be of interest to manufacturers of uniforms for intermediate schools. The 
recommendation would be that no allowance needs to be made based on the gender of a student 
for the lengths of tee shirts and shorts they produce.

It would be interesting to do a further study of heights for older students (say Y9 or Y10) to see 
at what stage the heights of boys tend to be greater that the heights of girls. Even within the two 
years Y7 and Y8 different patterns may be emerging, so a further investigation into student heights 
in each year separately would be of interest. 



 Level 2 Inference Learning Workbook 61

 ISBN 978-1-988586-65-6 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.

1.  A group of 60 senior secondary 
school students from Treegrove 
College recorded how many 
hours they spent preparing to 
attend the 2017 school ball. 
Students were asked to record 
the time that elapsed between
starting to get ready for the school ball 
and arriving at the school ball later that 
evening. Summary data and graphs are 
shown below, with informal confi dence 
intervals drawn for the box plots.

Values at end points of 
confi dence intervals

lower upper
Female 4.219 5.781
Male 2.508 3.192

a.  Pose a suitable comparison question for this situation. What answer do you predict for this 
question?

b. Analyse the data and use your fi ndings to answer your question. Justify your conclusions.

Summary of Prephours by Sex
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Female 2.1 4.150 5.00 7.000 8.8 5.343 2.1107 30
Male 1.1 2.225 2.85 3.475 5.1 2.797 0.9722 30

 Answers
p.  76

8642

Preparation hours for Treegrove ball
gender
female

male

hours
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Practice assessment task
Use data from the New Zealand CensusAtSchool website www.censusatschool.org.nz to pose an 
appropriate question which compares the median of a variable over two groups in the population. 
Carry out an investigation using the statistical enquiry cycle, in order to answer your question. 

You will need to:
• pose an appropriate comparison question
• select random samples from the two populations, explaining your techniques
• analyse your data using appropriate displays and measures
• discuss sample distributions
• discuss sampling variability, including the variability of estimates
• make an inference using informal confi dence intervals for population medians
• communicate your fi ndings in a conclusion.

 Answers
p.  79
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Answers
 Variables (page 3)
1. a. Category b. Continuous

c. Continuous d. Discrete numerical

e. Continuous f. Discrete numerical

2. a. i. and ii.
Answers may vary.

Height (m) rounded to 2 d.p. (nearest centimetre); Weight (kg) 
rounded to nearest whole number; Foot length (cm) rounded to 
nearest whole number; Arm span (cm) rounded to nearest whole 
number; Reaction time (sec) to 2 d.p.; Weekly money (dollars) 
rounded to the nearest whole number.

b. Answers will vary, examples are given.

i.  Height: Measured without shoes against a wall with a 
height scale marked.

ii.  Weight: Same scales used for all weights, in uniform 
without shoes.

iii.  Foot length: Length of right foot without a shoe; heel 
against a wall.

iv.  Arm span: Open arms wide and measure distance from 
tip of right-hand middle fi nger to tip of left-hand middle 
fi nger.

v.  Reaction time: Measured using an electronic test which 
automatically records time (diffi cult to measure accurately 
using stop watches manually).

vi.  Money: Average income per week from all sources (pocket 
money/jobs, etc.) over the last four weeks.

 Posing comparison questions (page 6)
1. a. A  b. C, D

c. B, D d. B, D, E

e. A  f. C

g. D, E h. A

2. Answers will vary, examples are given.

a. Is the median sodium content of blue cheeses sold in 
New Zealand supermarkets higher than the median sodium 
content of hard cheeses sold in New Zealand supermarkets?

b. Is the mean total fat content of hard cheeses sold in New 
Zealand supermarkets higher than the mean total fat content 
of soft cheeses sold in New Zealand supermarkets?

c. Is the median energy content of soft cheeses sold in 
New Zealand supermarkets higher than the median energy 
content of blue cheeses sold in New Zealand supermarkets?

3. a. Suitable

b. Suitable

c.  Unsuitable, comparing two variables (arm span and height) 
for the one subject.

d. Suitable

4. Answers will vary. 

Is the median reaction time (in sec) of senior female secondary 
students in New Zealand faster than the median reaction time 
(in sec) of junior female secondary students in New Zealand?

Senior students are defi ned to be Years 12 and 13, and junior 
secondary students are defi ned to be Years 9 to 11. Reaction times 
are recorded in seconds to 2 d.p., in a standardised electronically 

recorded reaction test. (For example, a green button is clicked 
to start the test. When the button turns red it is clicked again as 
quickly as possible.)

5. Do cars driving past the primary school on the main road between 
3 p.m. and 3:15 p.m. when the 40 km h–1 speed zone is in place 
have a mean driving speed (in km/h) that is slower than the mean 
driving speed (in km/h) of cars driving past the primary school on 
the main road between 3 p.m. and 3:15 p.m. when the 40 km h–1

speed zone is not in place?

The speed is measured in km/h rounded to the nearest whole 
number, and the periods when the special speed zone is not in 
place could be on weekends or in holiday periods.

6. a. Terms used are not well-defi ned; the question is too vague.

b. Answer will vary a great deal, depending on what aspect is to be 
investigated.

 Sampling and variability (page 10)
1.  Advantage: It is easy for the person to conduct the survey.

Disadvantage: Survey is restricted to those people with telephones 
(landlines listed in directory) who are at home to answer them. 
People with cell phones or no phone cannot be contacted.

2. Advantage: All gym members are available to be surveyed.
Disadvantage: Respondents to survey are self-selected (many may 
not want to answer). Those with strong opinions will be more 
likely to answer.

3. Advantage: All tuck shop customers are available for the survey 
and are easily accessible.
Disadvantage: Not all students will visit the tuck shop (it is 
important to survey students who do not use the tuck shop and 
fi nd out the reasons). Self-selection will also occur amongst tuck-
shop customers.

4. Advantage: No bias in results. This will give a fair indication of 
odometer accuracy as 20% of cars will be checked.
Disadvantage: There are many different countries these cars come 
from and maybe this survey will not represent them all fairly. Also, 
it is diffi cult and expensive to get to all ports where cars arrive.

5. Advantage: A lot of data can be collected in a short period.
Disadvantage: Only people with the time and inclination to be 
involved will be interviewed, making the sample a self-selected 
one, which introduces bias.

6. Advantage: The school roll is not listed by anything other than the 
fi rst letter of your surname, so that this is a quick and easy way to 
get a list of students in the school.
Disadvantage: These students are likely to be scattered through 
the school, making data collection diffi cult. Also, students from 
the same family share the same surname and so will all be 
included in the survey, introducing bias.

 Random sampling methods (page 14)
1. Answers will vary.

a. Enter  into the calculator, then press 
 repeatedly. Take the whole-number part of each number 

produced, ignoring repeats, until a sample of 12 different 
numbers between 1 and 66 is produced. Highlight the 
weights corresponding to these numbers on the chart.
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