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Sampling variability and sample size
Every time we take a sample from a population, we will get different results – in other words, there 
will always be sampling variability – so that the sample distribution will differ from the population 
distribution.

There are two reasons that a statistic calculated using a sample (such as the sample median) differs 
from the actual population parameter:
• Sampling error – every sample will contain a sampling error simply because statistics are worked 

out using data from a sample, rather than by using the whole population. So each sample median 
is only an estimate of the actual population median, and so is very likely to be different from the 
true population median.

• Non-sampling error – non-sampling errors may also be present due to the sampling methods 
used, which may introduce bias into the sample.

The effect of sampling variability can be observed using iNZight. 

In the following example, repeated samples of size 30 are taken from a population of data, and the 
differences between sample medians are recorded for each re-sample.

Example

The dataset ‘Salt in soups’ is treated as the population.

This data file is available at ESA RESOURCES  www.esa.co.nz

Using iNZight, select Sampling variation

Run selected VIT module

Import the file Salt in soups

Select the variable ‘Salt..g..per..100.g’ as Variable 1

Select the variable ‘Category’ as Variable 2

Now take repeated samples of size 30 from the data set:

Select Analyse

Quantity Median

Sample size 30

Record my choices

In the ‘population’ of all soups in this dataset, the difference between the median salt contents is 
0.10 g/100 g, with ready-to-serve soups having the higher median salt level. 

Sampling variability will now be observed by taking repeated samples of size 30, and recording 
the difference between the medians for each sample. To do this, select:

Include sampling distribution

Number of repetitions 1 000

Go
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The sampling distribution shows the values of the difference in sample medians for each re-sample.

Most samples have differences between median salt contents of around 0.10 g per 100 g, with the 
differences in sample median salt contents having values from approximately –0.09 g/100 g (where 
the median salt level is lower in ready-to-eat soups) to +0.28 g/100 g.

The variation between samples (sampling error) is due to calculating medians using a sample of 
size 30 each time, rather than calculating the medians using the entire population (for which there 
is a fixed difference between medians of 0.10 g/100 g).

Sample size affects sampling variability:
• As sample size decreases, sampling variability increases and there will be an increase in the range 

of values in the sampling distribution (i.e. there will be a wider interval of differences in sample 
medians). 

• As sample size increases, sampling variability decreases and there will be a decrease in the range 
of values in the sampling distribution (i.e. there will be a narrower interval of differences in sample 
medians).

The effect of sample size on sampling variability will be illustrated by repeating the process in the 
example above, but using sample sizes of 15 and 100. 
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Example
1. Taking repeated samples of size 15 from the data set gives the following distribution of 

differences between sample medians.

 Sample size 15
 Once again, most samples have differences between median salt contents of around 

0.10 g per 100 g, with the differences in sample median salt contents having values 
from approximately –0.2 g/100 g to +0.35 g/100 g (compared with a narrower range of 
–0.09 g/100 g to 0.28 g/100 g for sample size 30).
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2. Taking repeated samples of size 100 from the data set gives the following distribution of 
differences between sample medians.

 Sample size 100

 For samples of size 100, differences in sample median salt contents for fresh and ready-to-
serve soups are centred around 0.10 g/100g, and take on values between 0 g/100 g and  
0.2 g/100 g (a range of only 0.2 g, compared with a range of 0.37 g for samples of size 30 
and a range of 0.55 g for samples of size 15). 

 Comparing the sampling distributions, it can be seen that the differences between sample 
medians is less variable for larger samples.

As would be expected, the distribution of larger samples will more closely approximate the population 
distribution, while a small sample risks being unusual just by chance, and is more likely to be a sample 
that is not representative of the population.

In your report you MUST include a reflection on sampling variability.  
• Each time a sample is taken, different sample statistics could be found.
• As a result a slightly different confidence interval could be generated.

You should reflect on whether it is likely that taking another sample and hence obtaining a different 
confidence interval would change your conclusion.  This could include discussion on the distance of 
the limits of the confidence interval from zero (for example, if the limits of the original 95-percentile 
confidence interval were well away from zero, it is unlikely that another sample would produce a 
confidence interval that did contain zero and hence alter the conclusion).
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1. Import the data file census.at.school.500. Treating this data file as the population, use the 
Sampling variation option of iNZightVIT to investigate the effect of sample size on sampling 
variability. Do this by taking 1 000 re-samples of the following sizes from the data, and comparing 
the differences in sample median heights for boys and girls for each re-sample. This file is available 
at ESA RESOURCES  www.esa.co.nz  
a. Do this for the following sample sizes:
 i. sample size 20
 ii. sample size 50
 iii. sample size 100
b. Compare and comment on your results.

Answers
p.  77
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2. Repeat the exercise in question 1 using a different variable over two groups in the data set.
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Conclusion
In your conclusion you will answer the question posed, providing reasons based on your findings in 
the analysis section. Conclusions must be justified with evidence from the analysis, acknowledging 
sampling variability and the effects of sample size on the accuracy of the inference.

You may also interpret your findings, integrating statistical and contextual knowledge in order to reflect 
on the analysis, consider other explanations and making suggestions for further related investigations.

1. From a sample of 89 developing and 39 developed countries from the World Databank, the 
following 95-percentile confidence interval was obtained for the difference between the median 
male life expectancy for developing and developed countries for all countries in the database. 

Data source: World Bank Group

a. What conclusion could you reach based on this confidence interval?

b. If another sample were taken, what differences would you expect to see?

Answers
p.  78
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2. The following output was obtained for the average primary and secondary teachers’ salaries (for 
teachers with at least 15 years’ experience) in US dollars from a sample of countries from the OECD.

  Data source: OECD (2017), Teachers’ salaries (indicator). doi: 10.1787/f689fb91-en (Accessed on 
24 Sept 2017))

a. What conclusion could be reached about the difference between the median salary for OECD 
primary teachers with at least 15 years’ experience and the median salary for OECD secondary 
teachers with at least 15 years’ experience?

b. If another sample were taken, would you expect to reach the same conclusion? Justify your 
answer.
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ANSWERS
Problem (page 3)
1. a.  This question is suitable (however, ‘sedans’ needs to be 

defined).

b. Population is not defined.

c. Not comparing the same variable over two categories. Also, 
using the word ‘tend’ with ‘mean’ implies the population 
mean is changing when in fact it is a constant.

d. This question is suitable.

2. Questions will vary; examples are given.

 What is the difference between the mean fat content (in g) of 
New Zealand supermarket beef sausages and the mean fat 
content (in g) of New Zealand supermarket chicken sausages?

 I wonder if the median salt content (in g) of New Zealand supermarket 
pork sausages is higher than the median salt content (in g) of 
New Zealand supermarket chicken sausages.

3.  Answers will vary; an example is given.

a. Serum cholesterol level. Serum cholesterol is a fat-like 
substance that circulates in the blood. Serum cholesterol is 
made up of HDL cholesterol, LDL cholesterol and triglycerides. 

b. High levels of serum cholesterol have been linked to heart 
disease; however, recent research has suggested that the two 
things are not necessarily linked. It would be interesting to 
investigate whether those patients admitted for heart disease 
did, in fact, have high levels of serum cholesterol. 

c. What is the difference between the median serum cholesterol 
level (in mg/dL) of those with more than 50% narrowing of a 
major blood vessel and the median serum cholesterol level of 
those with less than 50% narrowing of a major blood vessel, 
for patients from the Heart Disease Directory?

d. Research suggests that high cholesterol levels in the 
bloodstream can damage the lining of blood vessels. As a 
result, other cells move into the walls of the blood vessels, 
leading to further accumulation of cholesterol and narrowing 
of the blood vessels. It would therefore be expected that 
the median serum cholesterol level of those with more than 
50% narrowing would be greater than the median serum 
cholesterol level of those with less than 50% narrowing.

4. a.  What is the difference between the median number of births 
per 1 000 of total population in 2015 for developing countries 
and the median number of births per 1 000 of total population 
in 2015 in developed countries?

b. Answers will vary; an example follows.

 A developed country is one that generally has a high level 
of economic growth and security which allows its people 
to enjoy higher incomes and better standards of living than 
those in developing countries. It has been observed that 
the greatest rates of population growth are seen in the 
poorest nations of the world. (Source: United Nations World 
Population Prospects: 2017 Revision.) It would therefore be 
interesting to investigate and compare the median number of 
births in developed and developing countries. 

Sampling methods (page 9)
1. Answers will vary.

a. Enter 66 Ran# + 1 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.

b. Step size = 66 ÷ 12 = 6 (to nearest whole number). Random 
starting point selected within the first step using simple 
random sampling (6 Ran# + 1 =) to get 4, say. The 11 
numbers chosen systematically are 4, 10, 16, …, 64. The 12th 
number can be chosen randomly (66 Ran# + 1) ignoring any 
number already in the set of selected numbers. Highlight the 
distances corresponding to these numbers on the chart.

c. One third ( 
22

66
 ) of the population is female so one third of

 the sample should be female, i.e. 4 females. To choose 
these females, enter 22 Ran # + 1 and press = repeatedly, 
taking the whole-number part and ignoring repeats until 4 
different numbers are produced between 1 and 22. Highlight 
the heights corresponding to these numbers on the chart. 
Similarly, 8 males are chosen. Enter 44 Ran# + 23 and press 
= repeatedly, taking the whole-number part and ignoring 
repeats until 8 different numbers are produced between 23 
and 66. Highlight the heights corresponding to these numbers 
on the chart.

d. i. Cluster sampling

 ii. Less travel, time, cost

 iii. Clusters may not be truly representative of population.

2. a. Answers will vary.

 If statified sampling is used, then the origin of the bag (which 
machine produced it) is assumed to be of importance (i.e. the 
machines have different characteristics from each other). If 
each machine produces bags per hour at the same rate, then 

Machine A produces 
30

60
 or 

1

2
 of the bags, Machine B produces 

20

60
 or 

1

3
 of the bags, Machine C produces 

10

60
 or 

1

6
 of the bags. 

So in the sample of 120 bags, 60 bags were from Machine A, 
40 bags were from Machine B and 20 bags were from 
Machine C.

b. If cluster sampling is used, then the bags may have all been 
produced by a single machine. In this case it is assumed that 
there are no differences between the outputs of the three 
machines.

c. Answers will vary.

 i.  Each bag is in one of 20 rows, and one of 6 columns. 
Generate random numbers in pairs: the first from  
1–20 inclusive (20 Ran# + 1) which gives the row, and 
the second from 1–6 inclusive (6 Ran # + 1) which gives 
the column. For each pair of numbers, a cell in the grid is 
selected. For example, if (row, column) = (17,4) then the 
bag is in the 17th row and the 4th column and has weight 
501 g.
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 ii.  Step size = 120 ÷ 30 = 4. Random starting number 
(4 Ran # + 1 =) gives 2, say. Start at the 2nd bag weight 
in the first column then highlight every 4th bag after that.

 iii. The number of twice-selected bags will vary.

   This is expected because of the variability of sampling. 
There is an extremely large number of possible samples 
of 30 from 120. It is very unlikely any two samples are 
exactly the same.

3. Answers will vary.

 Interesting features could include dirty data (inappropriate or 
missing data). It may also be interesting to see if the males and 
females each make up 50% of the sample. On average this would 
be expected, but due to sampling variability it is unlikely to be 
true for this sample.

Data displays (page 19)
1. a. 100% b. 75%

c. 72% d. 25%

e. This test was probably too easy as more than 75% of the class 
scored more than 68%, with 25% of the class scoring over 
80%.

2. Answers will vary, an example is given.

 Class B seems to have performed better than class A as the 
median for Class B was higher (at 78% compared with 45%). At 
least 75% of Class B performed at a higher level than 75% of 
Class A. While the marks in Class B were less consistent, shown 
by the larger interquartile range and the lowest mark in Class B 
(10%) was 20% lower than the lowest mark in Class A, overall 
Class B performed better.

3. Answers will vary; examples are given.

 The median annual income for scientists (approximately $65 000) 
is higher than the median annual salary for cleaners and musicians 
(both approximately $35 000).

 The annual income for musicians was the least consistent – 
indicated by the large interquartile range (the middle 50% earned 
between $25 000 and $78 000), while the annual income for 
cleaners was the most consistent (smallest range and interquartile 
range).

 Scientists overall earn higher annual income than cleaners and 
musicians earn back in the populations, as the median salary 
for scientists lies outside the boxes of cleaners’ and musicians’ 
salaries. The lower quartile salary for scientists (at $62 000) is 
higher than the maximum salary for cleaners ($59 000).

 We cannot determine whether cleaners or musicians earn higher 
annual salaries back in the populations as the boxes overlap and 
the medians are very similar. The box for cleaners’ salaries lies 
completely within the box for musicians’ salaries.

4. a. 75% b. 25% 

c. 25% of adults spent more than 60 minutes exercising, while 
50% spent more than an hour watching TV, hence an adult 
from this group is more likely to spend more than 1 hour 
watching TV.

d. i.  True. The interquartile range is smaller for exercising than 
for TV time.

 ii.  True. There is at least one adult who spent 0 hours 
watching TV.

 iii.  We cannot determine how many adults did no exercise or 
watched no TV, we only know that there was at least one 
for each of those categories.

  iv.  True. 25% of the adults are represented by the quarter 
from the median to the upper quartile.

  v. False. 25% of the adults spent 0–20 minutes exercising.

  vi.  This cannot be determined as the exercise box is 
completely contained within the TV box, with the median 
for TV watching times only slightly higher than the median 
for exercising times. However, since the maximum for TV 
watching (250 minutes) is significantly higher than the 
maximum for exercising (120 hours), we can conclude 
that, of the people in this sample group, some spend more 
time watching TV than exercising.

5. a. 

0 105 15 20 25 30 35
Degrees C

Auckland

Cromwell

Monthly temperatures

 b. Answers will vary, an example is given.

   The median temperature in Auckland (20.05 °C) is higher 
than the median temperature for Cromwell (17.55 °C). The 
temperatures in Auckland are more consistent over the 
year as indicated by the smaller interquartile range (5.15 °C 
for Auckland compared with 16.55 °C for Cromwell); i.e. 
Cromwell experiences greater extremes of temperature 
between the seasons. As the box for the Auckland 
temperatures is completely contained within the box for the 
Cromwell temperatures, we cannot conclude that one place is 
warmer than the other overall.

6. a. Answers will vary; an example is given.

   Is the median fat content (in g) of pork sausages manufactured 
by Sensational Sausages higher than the median fat content 
(in g) of beef sausages manufactured by Sensational Sausages?

b. 

c. Answers will vary; examples are given. For pork sausages, most 
values are clustered around the mode of 19 g, whereas for 
beef there appears to be a spread of values mainly between 
17 g and 23 g of fat. The highest fat content for beef sausages 
is higher than the highest fat content for pork sausages.

d. Pork sausages: mean fat = 19.35 g; beef sausages, mean fat 
= 20.75 g

e. Beef sausages have higher mean fat content than pork 
sausages have, by 1.4 g

Fat content in sausage samples
Beef

Pork

 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Fat content (g)
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