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Workshop outline 
We will consider: 
q  Types of data 
q  Tables 
q  Charts 
q  Measures of middle value 
q  Measures of spread 
q  Choice of table, chart and measure 
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Data types 
There are three main data types in statistics: 
q  Nominal – categories that do not have a natural 

order, e.g. gender, eye colour, types of building 
q  Ordinal – categories which have a natural order 

but are not numerical, e.g. Likert response 
scales 

q  Scale/continuous – numerical data ordered 
against a constant scale, e.g. date, temperature, 
length, weight, frequency 
You can carry out more operations (and better 

tests) with the scale data type 
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Data types and their analysis 
Type Permitted maths 

operations Permitted statistics 

Nominal Counting 
(frequency) Percentage, mode 

Ordinal Counting, <, > 
Percentage, median, mode, 
minimum, maximum, upper 
and lower quartiles 

Scale/ 
continuous 

(Interval) 
Counting, <, >, +, - 

Percentage, median, mode, 
minimum, maximum, range, 
upper and lower quartiles, 
inter-quartile range, mean, 
standard deviation, 
skewness, kurtosis 

(Ratio) 
Counting,<, >, +, -, 
×, ÷ 
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Example: 
 

CensusAtSchool 
Questionnaire 
q  Completed by 673 

school children 
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Ways of describing 
category-based data 

 

q  Frequency tables 
q  Bar charts 
q  Pie charts 
q  Two-way frequency tables 
q  Percentage frequencies of rows and 

columns 
q  Multi series bar charts 
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Frequency table for Favourite 
Food Type (question 5) 

Favourite Food Type Count Percentage 
Carbohydrate 272 40% 
Protein 153 23% 
Dairy 151 22% 
Fruit and Vegetables 97 14% 
Total 673 100% 

Also called frequency 
Created by dividing the 
count by the total and 
multiplying by 100% 
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Bar chart for Favourite Food 
Type 

Also	  called	  a	  column	  chart	  or	  a	  histogram	  

Axis 
title 

Axis 
labels 

Chart title 
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Pie Chart for Favourite Food 
Type 
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Activity 
q  Consider the four charts on the handout 
q  Each has at least one aspect that could be 

improved 
q  Spend no more than one minute on each 

discussing what the main improvement is that 
could be made 
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Chart 1 
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Chart 2 
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Chart 3 
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Chart 4 
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Clearer bar chart for Chart 3 
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Two-way frequency table of 
Favourite Food Type by Gender 

Favourite Food Type Female Male Total 
Carbohydrate 123 149 272 
Protein 23 130 153 
Dairy 65 86 151 
Fruit and Veg 53 44 97 
Total 264 409 673 
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Bar chart for Favourite Food 
Type by Gender 
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Percentage frequency table for 
Favourite Food Type by Gender 

Favourite 
Food Type 

Female 
(%) 

Male 
(%) 

Total 
(%) 

Carbohydrate 47 36 40 
Protein 9 32 23 
Dairy 25 21 22 
Fruit and Veg 20 11 14 
Total 100 100 100 

Column 
%’s all 
sum to 
100% 

Divide 
the count 

by the 
column 

total then 
×100% 
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Percentage frequency table for 
Favourite Food Type by Gender 

Favourite 
Food Type 

Female 
(%) 

Male 
(%) 

Total 
(%) 

Carbohydrate 45 55 100 
Protein 15 85 100 
Dairy 43 57 100 
Fruit and Veg 55 45 100 
Total 40 60 100 

Row %’s all sum to 100% 

Divide 
the count 

by the 
row total 

then 
×100% 
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Percentage bar charts for 
Favourite Food Type by Gender  

Peter	  Samuels	  
Birmingham	  City	  University	  

Reviewer:	  Ellen	  Marshall	  
University	  of	  Sheffield	  www.statstutor.ac.uk	  



Using tables and charts for 
category data 

q  Frequency tables: OK for smaller data sets – 
don’t have too many numbers in your write-up 

q  Bar charts: series of values: 
Ø  Always use 2D 
Ø  Put items in descending order when appropriate 

q  Pie charts: parts of a whole 
q  Multiple series bar charts: better to use 

percentage frequencies than frequencies 
q  Best option: a suitable chart with a verbal 

description 
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Describing scale-based data 

 

q  Grouped frequency tables 
q  Histograms 
q  Measures of central tendency: 

Ø  Mean 
Ø  Mode 
Ø  Median 

q  Measures of spread: 
Ø  Range 
Ø  Variance 
Ø  Inter-quartile range 

q  Box plots 
q  Scatter plots 
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Grouped frequency 
distribution for Height 

Height Frequency Percentage 
≥120 & <130 9 1.3% 
≥130 & <140 13 1.9% 
≥140 & <150 62 9.2% 
≥150 & <160 222 33.0% 
≥160 & <170 233 34.6% 
≥170 & <180 102 15.2% 
≥180 & <190 32 4.8% 
Total 673 100.0% 
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Histogram of Height 
Bars drawn together to 

emphasise they represent 
intervals, not categories 
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Frequency distribution of 
Tooth Fillings 

These kind 
of values are 
known as an 

outliers 
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Important types of statistic 
1. Measures of middle value 
q  Mean (or average): Add all the data values 

together and divide by the number of values 
q  Mode: The most popular data value, category 

or interval 
q  Median: The middle data value when the 

values are put in order 
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Mean 
Country Number Country Number 

Canada 22 Spain 10 
France 52 Sweden 12 
Japan 43 UK 41 
South Korea 9 USA 119 
Soviet Union 73 West Germany 23 

The mean of a data 
set is a measure of 
its middle value. 
Example: The 
number of nuclear 
power stations in 
various countries in 
1989. 
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To calculate the mean, add all the data values together and 
divide by the number of values. 

Peter	  Samuels	  
Birmingham	  City	  University	  

Reviewer:	  Ellen	  Marshall	  
University	  of	  Sheffield	  www.statstutor.ac.uk	  



Median 
Median: Place the data values in ascending order: 

 9, 10, 12,  22, 23, 41, 43, 52, 73, 119 
 The median is the average of the 5th & 6th 
values, i.e. 

 
 
The data is too spread out to calculate a mode (as 

no value is repeated) but we could divide it into 
intervals and calculate the modal interval. 
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Calculating the mode using 
data intervals 

Interval Data values within interval Frequency (number of data values) 
0 – 24 9, 10, 12, 22, 23 5 
25 – 49 41, 43 2 
50 – 74 52, 73 2 
75 – 99 0 
100 – 124 119 1 

q First we need to decide on the size of the intervals 
q As our data values could be any positive whole number 

and they range from 9 to 119, we could choose intervals of 
size 25 in order to obtain several frequencies higher than 1 

The most popular, or modal, interval is therefore 0 – 24. 
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Frequency distribution of Height 
with measures of middle values indicated 

Mean = 160.3 

Median = 160 
Modal interval 
= 160-169.9 
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Frequency distribution for Tooth Fillings 
with measures of middle values indicated 

Mean = 1.6 

Mode = 0 

Median = 1 
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Activity 
q  The following three data sets were obtained and 

a histogram (or bar chart) has been produced 
q  In each case, discuss whether the mean, 

median or mode provides the best measure of 
the middle value 
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Data set 1 
30 35 37 40 40 49 51 54 54 55 

57 58 60 60 62 62 65 67 74 89 
Marks (out of 
100) for a 
mathematics 
exam for 20 
students, sorted 
into intervals of 
size 10 
Mean = 55.0 
Median = 56.0 
Modal interval = 

both 50-59 
and 60-69 
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Data set 2 
The numbers of days work missed by 20 workers in one year 
Mean = 4.3 
Median = 1.5 
Mode = 0 

0 0 0 0 0 0 0 1 1 1 

2 2 3 3 4 5 5 5 8 45 
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Data set 3 
The number 
of issues of 
a particular 
monthly 
magazine 
read over a 
year by 20 
people 
Mean = 3.1 
Median = 0 
Mode = 0 

0 1 11 0 0 0 2 12 0 0 

12 1 0 0 0 0 12 0 11 0 
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Important types of statistic 
2. Measures of spread 

q  Range: The difference between the highest 
and lowest data values 

q  Standard deviation: A measure of how much 
the data values vary from the average value 

q  Inter-quartile range: The distance between 
the 25% point in the data values (lower 
quartile) and the 75% point in the data values 
(upper quartile) when they are put in 
ascending order 

q  Example: 22, 52, 43, 9, 73, 10, 12, 41, 119, 23 
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Calculating the range 
and standard deviation 

q Range = 119 – 9 = 110        
(highest value – lowest value) 

q Sample variance 
= ∑↑▒(𝑿− 𝑿 )↑𝟐  /𝑛−1 = 
10780.4/9 =1197.8 

q Sample standard deviation 
  =√Sample  Variance 
  =  √1197.8 =34.6 

q For the population variance and 
population standard deviation 
we divide by n instead of n - 1 

X 𝑿− 𝑿  (𝑿− 𝑿 )↑𝟐  
22 -16.4 268.96 
52 13.6 184.96 
43 4.6 21.16 
9 -29.4 864.36 
73 34.6 1197.16 
10 -28.4 806.56 
12 -26.4 696.96 
41 2.6 6.76 
119 80.6 6496.36 
23 -15.4 237.16 
Sum 10780.4 
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Calculating the inter-quartile range 
Place the data values in ascending order: 

 9, 10, 12,  22, 23, 41, 43, 52, 73, 119 

Lower quartile = 25% of way through data = 10+1/4 th 
value 
 = 2¾th value = 2nd value + ¾ of (3rd value – 2nd value) 
 = 10+ 3/4 (12−10)=10+3×2/4 =11.5 

Upper quartile = 75% of way through data = 3× 10+1/4 th 
value 
 = 8¼th value = 8th value + ¼ of (9th value – 8th value) 
 =  52+ 1/4 (73−52)=52+21/4 =57.25 

Inter-quartile range = difference between upper quartile 
and lower quartile = 57.25 – 11.5 = 45.75 
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Mean = 38.4 

Standard deviation = 34.6 

Range = 110 

Upper 
quartile = 

57.25 

Lower 
quartile 
= 11.5 

Inter-quartile 
range = 45.75 
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Frequency distribution of Height 
with measures of spread indicated 

Mean = 160.3 

Upper quartile 
= 167.0 

Standard 
deviation = 11.1 

Lower quartile 
= 153.0 

Inter-quartile 
range = 14.0 

Range = 68.0 
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Frequency distribution for Tooth Fillings 
with measures of spread indicated 

Mean = 1.6 

Upper quartile = 2 

Standard deviation = 2.9 

Lower quartile = 0 

Inter-quartile range = 2 

Range = 30 
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Activity 

q For Data Set 3: 

q Draw the range, standard deviation and inter-quartile 
range on the Data Set 3 chart on your handout, using: 
Ø  Lower quartile = 0 
Ø  Upper quartile = 8.75 
Ø  Mean = 3.1 
Ø  Standard deviation = 5.1 

q Discuss in small groups which measure of spread you 
think is the most useful 

0 1 11 0 0 0 2 12 0 0 

12 1 0 0 0 0 12 0 11 0 
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Solution 

Lower quartile = 0 

Inter-quartile 
range = 8.75 

Range = 12 

Standard deviation = 5.1 

Mean = 3.1 

Upper quartile 
= 8.75 
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Box and whisker diagrams (boxplots) 
q Give a good ‘picture’ of scale data 
q Box ends are the lower and upper 

quartiles 
q Box middle line is the median 
q Whiskers are the minimum/maximum 

value of the data or 1.5 times the box 
height from the end of the box, 
whichever is nearer the median 

q Circles represent outliers (up to 3 times 
the box height from the end of the box) 

q Asterisks represent extreme outliers 
(>3 times box height from the end of 
the box) 

¡
	  
	  
¡
	  

*
	  
*

Minimum	  or	  
1.5	  9mes	  box	  
height	  

1st	  quar9le	  

3rd	  quar9le	  
Median	  

Maximum	  or	  
1.5	  9mes	  box	  
length	  

Outliers	  

Extreme	  
outliers	  
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Boxplot of Height 

Median 
Lower 

quartile 

Upper 
quartile 

Some of the 
outliers with 
row numbers 

Maximum 
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Boxplot of Tooth Fillings 

Extreme 
outliers with 
row numbers 

Minimum and 
lower quartile 
have same 

value 
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Scatter plots 
q A two dimensional display of data values for one scale 

variable against another 

Figure 
shows 

number 
of Tooth 
Fillings 
against 
Height 
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Using charts and statistics for 
scale based data 

q  Bar charts with interval categories – good for 
summarising a scale 

q  Mean and standard deviation – better when 
data is spread around the middle 

q  Median and inter-quartile range – better when 
data spread is unusual 

q  Boxplots – good for summarising data 
Ø  Can be used to compare several data groups 
Ø  Need at least 15 data points per group 

q  Scatter plots – show relationships between data 
series 
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Recap 
We have considered: 
q  Types of data 
q  Tables 
q  Charts 
q  Measures of middle value 
q  Measures of spread 
q  Choices of tables, charts and measure for 

different data types 
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