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Workshop outline

We will consider:

A Types of data

J Tables

d Charts

d Measures of middle value

J Measures of spread

d Choice of table, chart and measure
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Data types

There are three main data types in statistics:

1 Nominal — categories that do not have a natural
order, e.g. gender, eye colour, types of building

 Ordinal — categories which have a natural order

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

1 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

Permitted maths : . .
Type operations Permitted statistics
: Counting
Nominal (frequency) Percentage, mode
Percentage, median, mode,
Ordinal Counting, <, > minimum, maximum, upper
and lower quartiles
(Interval) Percentage, median, mode,
Counting, <, >, +, -|minimum, maximum, range,
Scale/ , upper and lower quartiles,
continuous g:Ratlo.) o 4 Inter-quartile range, mean,
ounting,<, >, +, - |standard deviation,
X T skewness, kurtosis
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For students aged

Phase 6 CensusAtSchool

11 and above
. .
Questionnaire
1 Stote the first part of your 9. When going out on sunny days in 15 What one thing do you think would
pestcode (eg NG3 or PL23) the summer do you: improve your local environment?
L 1 O O, P
DAIr_ys Dvamu DN:.';- Cycle Paths
2. Arcyouc? Less Litter
Wear ¢ hat for protection D o
Oeey Osin Dlaeeys Csometimes [Chiever e
Nere Trees
3. Pleasc state your age in Wear sunglasses Nere Shops
€ - DAIv_ws I:]Sm'uus DNucr Nere Sports Facilities
(] yeers 10. On how many doys last week did Orher - et
= . s lost
you dowpiwldﬁt;,c‘nmy +hat made 16 What best describes the kind
4. Complete the following you huff and pf, swecs o ger tred? of building you live in?
| mecsurements. ‘ D
. 01234667 Detached Heuse/ Bungalow
HEIGHT oo centimetres Semi Detached
11 c) How often do you (horestly) Tervace
FOOTLENGTH ........ centimetres brush your tecth cach day?
Apartment/ Flat
Right Elbow to Wrist .......cm I:l Other
e“sus c oo Open Arm Span . cm 11 b) How many filingz do you have? 7 How 4o you usially travel to school?
6. Whatisyour favourite foodyp? [ | Urcure[] Owek Hews Oea

Questionnaire

d Completed by 673
school children

| @ ®©@Q www.statstutor.ac.uk

D Dairy (milk, cheese, cggs)
D Protein (beans, mect, fish)
|:| Carbohydrates (bread, pesta)

D Fruit/Veg (apples, carrots)
6. Inanormal week on how mary

days do you cat meat?

01234667

7. How many (palm of hand)
portions of the following do you
reguerly cat per day?

D Fruit
D Vegtobles
D Swects
I:I Crisps

8. Inthe lest year have you gone
on a dict, changed your cating
habits or donc amything to control
your weight. (leave blark if you wich)

EIV:.: DNn

12. Which do you think is the most
important envircrmental issuc
that needs to be dealt with in
the next 10 years?

D Air Pollution
I:I Global Warming
D Water Pollution
D Fleeding

D Encrgy Sources
D Road Congestion
I:I Landfill Sites
D Other - state

13. Do you think that YOU perzonally
do arough o improve the emvronment.

Ove: Ore O Ureure

14. Which of the folowing docs your
houschold recyde? (Tick dl thet sply)

E]Pcpo" [:]610:: D'ﬁn:
Dﬁa:ﬁc D tha*D Nothirg

D Cycle D Rail D Other

18 If you had £1000 togve to a
charity of your choice what knd
of erganisation would you cheose?

O e

Children
Education/Youth development
Ervircement
Health
Internationa Aid
Low/Justice
Sport
D Wildlife/ Animals
Other
19. Estimate how of ten you contact
your friends each week:

DTm De mail
DT:cmm (lendlre)

DTecphone (mobile)

20.Estimate the 3 angles given
by the onlne questionnaire.

I I R

This resource is from the CensusAtSchool project at[www_censusaischool niu.oc.uk]
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Ways of describing
category-based data

1 Frequency tables

1 Bar charts

J Pie charts

d Two-way frequency tables

1 Percentage frequencies of rows and
columns

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

Also called frequency

N

Created by dividing the
count by the total and

multiplying by 100%
yd

Favourite Food Type “Count Percentage
Carbohydrate 272 40% e
Protein 153 23%

Dairy 151 22%

Fruit and Vegetables |97 14%

Total 673 100%

Reviewer: Ellen Marshall
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Bar chart for Favourite Food
Type

Also called a column chart or a histogram Chart title

AXIS Favourite Food Type

title \ 300

\q, 250

AXIS °> 200 -
labels | N5 150
-
< 50

Carbohydrate Protein Dairy Fruit and Veg

@@@ Peter Samuels Reviewer: Ellen Marshall
@ www.statstutor.ac.uk Birmingham City University University of Sheffield



Pie Chart for Favourite Food
Type

Favourite Food Type

Fruit and Veg,
14%

Carbohydrate,
40%
Dairy, 23%

Protein, 23%
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Activity

d Consider the four charts on the handout
d Each has at least one aspect that could be
improved

d Spend no more than one minute on each
discussing what the main improvement is that
could be made
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Chart 1

Favourite Food Type
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Chart 2

Number of

People

Favourite Food Type

25077
200

150 i
10017
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Chart 3

Suggested Local Environment
Improvements
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Chart 4

Local Environment Improvements

Playgrounds Cycle Paths
4% 5%

More Trees
6%

Peter Samuels Reviewer: Ellen Marshall
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Clearer bar chart for Chart 3

Local Environment Improvements

Playgrounds
Cycle Paths
Other

More Trees

More Shops
Less Traffic
More Sports

Less Litter
| I I |

0 50 100 150 200

Number of People
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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

Favourite Food Type by Gender
160

-
NN
o

N
o
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o
o

m Female
m Male

N
o

Number of People
S

N I
o O

o

Carbohydrate  Protein Dairy Fruit and Veg
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Percentage frequency table for
Favourite Food Type by Gender

Divide
the count
by the
column
total then
x100%

Column
%’s all
sum to
100%

Favourite |Female| Male | Total
| FoodType | (%) (%) (%)
Carbohydrate 747 36 40
Protein 9 32 23
Dairy 25 21 22
|| Fruit and Veg |20 11 14
Total 100 100 100
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Percentage frequency table for
Favourite Food Type by Gender

Row %’s all sum to 100%
\

Divide Favourite | Female Male\ Total
thg Ct?]lmt | Food Type (%) (%) N (%)
e Y
oo | |Carbohydrate 45 55 100

then | | Protein 15 85 100
x100%

Dairy 43 57 100

Fruit and Veg |55 45 100

Total 40 60 100

@@@ Peter Samuels Reviewer: Ellen Marshall
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Percentage bar charts for
Favourite Food Type by Gender

Favourite Food Type by Gender

Percentage of People

Carbohydrate  Protein Dairy Fruit and Veg

m Female
m Male

100%

80%
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60%

40%

20%

Percentage of People

0%

Favourite Food: Gender Split by Type

Carbohydrate

Protein Dairy Fruit and Veg
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Using tables and charts for
category data

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

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

 Pie charts: parts of a whole

d Multiple series bar charts: better to use
percentage frequencies than frequencies

J Best option: a suitable chart with a verbal
description

@@@ Peter Samuels Reviewer: Ellen Marshall
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Describing scale-based data

 Grouped frequency tables
 Histograms

d Measures of central tendency:
» Mean
» Mode
» Median
d Measures of spread:
» Range
» Variance
» Inter-quartile range
1 Box plots

 Scatter plots

@@@ Peter Samuels Reviewer: Ellen Marshall
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Grouped frequency
distribution for Height

Height Frequency | Percentage
2120 & <130 |9 1.3%
2130 & <140 |13 1.9%

2140 & <150 |62 9.2%
=150 & <160 | 222 33.0%
=160 & <170 | 233 34.6%
2170 & <180 | 102 15.2%
2180 & <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

Distribution of Height

JU
;

e

Number of Peopl
o
o

50 -

120-130

-140

140-150 150-160 180-190

Height (cm)

160-170 170-180

Border value is 140
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Frequency distribution of

Tooth Fillings

Number of Poeple
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Important types of statistic
1. Measures of middie value

 Mean (or average): Add all the data values
together and divide by the number of values

d Mode: The most popular data value, category
or interval

J Median: The middle data value when the
values are put in order

@@@ Peter Samuels Reviewer: Ellen Marshall
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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.

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

To calculate the mean, add all the data values together and
divide by the number of values.

}=

‘ @ ®@@Q www.statstutor.ac.uk

10

Peter Samuels
Birmingham City University

22+52+43+9+73+10+12+41+119+23_ﬁ_384
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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 5" & 6
values, i.e.

23+41 64

2 2

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.

32

®@@ Peter Samuels Reviewer: Ellen Marshall
@ www.statstutor.ac.uk Birmingham City University University of Sheffield



Calculating the mode using
data intervals

] First we need to decide on the size of the intervals

1 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

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

The most popular, or modal, interval is therefore 0 — 24.

‘ @ ®@@Q www.statstutor.ac.uk

Peter Samuels Reviewer: Ellen Marshall
Birmingham City University University of Sheffield




Frequency distribution of Height

with measures of middle values indicated

Number of People
S o
o o

(&)
o

o

250 -

Distribution of Height
.—1 Mean =160.3

200 -

Median = 160

120-130

Modal interval
< = 160-169.9

130-140 140-150 150-160 160-170 170-180 180-190
Height (cm)
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Frequency distribution for Tooth Fillings
with measures of middle values indicated

Number of Tooth Fillings

350

%0 Je— Mode =0
Q
_8'250
36200 1 — Mean = 1.6
2150
£ ___—1Median = 1
= 100

50 I I

012345678 9101112131415161718192021222324252627282930
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Activity

d The following three data sets were obtained and
a histogram (or bar chart) has been produced

J In each case, discuss whether the mean,
median or mode provides the best measure of
the middle value

@@@ Peter Samuels Reviewer: Ellen Marshall
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Data set 1

Marks (out of

30

35
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40

40

49

91

54

94
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S/

58

60

60

62

62

65

67

74

39

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

Frequency

o =~ N

N (&)} » ~
! 1 ! |

w
|

30-39

Mathematics Marks

40-49

20-39

60-69
Mark (out of 100)

70-79
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Data set 2

The numbers of days work missed by 20 workers in one year

Mean=4.3 o o Jo o o Jo o [1 [1 [1
Median=1.5 [2 [2 [3 [3 [4 |5 [5 [5 [8 [45
Mode =0

Days off Work

~
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(@)]
|

Frequency
D

w

N

—_
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Number of Days off Work
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Data set 3

The number 0 |1 [11]0 |0 |0 |2 [12]0 |0

of issues of 121 [0 [0 |0 |0 [12]0 [11]0O

a particular

monthly Number of Issues of a Magazine Read

magazine 14

read over a 12

year by 20 10+

people S g -

Mean = 3.1 § 6

Median =0 4

Mode = 0 "B . I I
X OT‘I1213T4‘5T6T7T8T9T10T11T121

Number of Issues
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Important types of statistic

2. Measures of spread

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

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

4 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

d Example: 22, 52, 43, 9, 73, 10, 12, 41, 119, 23
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Recall the mean,

Calculating the range

¥, was 38.4 and standard deviation

N\

X | XX | @=x)n2

22 | -16.4| 268.96

52 13.6 184.96

43 4.6 21.16

9 -29.4| 864.36

/3 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 | -154| 237.16

Sum 10780.4

‘ @ ®@@Q www.statstutor.ac.uk

 Range = 119-9=110
(highest value — lowest value)

L Sample variance

10780.4/9 =1197.8
O Sample standard deviation

= \/Sample Variance

= v/1197.8 =34.6

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

Peter Samuels Reviewer: Ellen Marshall
Birmingham City University University of Sheffield



Calculating the inter-quartile range

Place the data values in ascending order:

9, 22 23. 41, 43119

Lower quartile = 25% of way through data = 10+1 /4 t
value

= 2%t value = 2" value + % of (3™ value — 2"d value)
=104+3/4 (12—10)=10+3%X2/4 =11.5

Upper quartile = 75% of way through data = 3x10+1 /4 tn
value
= 8%t value = 8" value + V4 of (9t value — 8t value)
= 52+4+1/4 (73—52)=524+21/4 =57.25

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

®@@ Peter Samuels Reviewer: Ellen Marshall
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Range = 110

Distribution of nuclear power stations

Lower ——— Mean = 38.4
quartile
=11.5
— Upper |
o
= [ quartile = |
'g 57.25
3 N |
) 0-24 75—-99 100 — 124
Inter-quartile Number of nuclear power stations

range = 45.75

Standard deviation = 34.6
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Frequency distribution of Height
with measures of spread indicated

Range = 68.0

~~___ Distribution of HeiglV Mean = 160.3
250) . | Ny

o 200 | Lower quartile _
3 = 153.0 Upper quartile
. = 167.0
g 100 | Inter-quartile
Z range = 14.0

50 -

o

120-130 130-140 140-150 150-160 160-17
Height (cm)

170-180 180-190

Standard
deviation = 11.1
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Frequency distribution for Tooth Fillings
with measures of spread indicated

. Range = 30
Number of Tooth Fillings /
350 | | 74 .
S0 1._——Mean=1.6 i
= 250 S _
& _I—— Standard deviation = 2.9
0 «—t—- Lower quartile = 0
2150 =\ L
§ 100 | - iUpper quartile = 2 i
| I“ Inter-quartile range = 2 i
0 I I Hem = - — — -

012345678 9101112131415161718192021222324252627282930
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Activity

O |1 |11j0 |0 |0 |2 |[12]0

oo

 For Data Set 3: 1211 1o o To To 11210 111

1 Draw the range, standard deviation and inter-quartile
range on the Data Set 3 chart on your handout, using:

» Lower quartile =0

» Upper quartile = 8.75

» Mean = 3.1

» Standard deviation = 5.1

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

®@@ Peter Samuels Reviewer: Ellen Marshall
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Solution

14
12

Frequnecy
(0 0]

S O

Number of Issues of a Magazine Read

Range = 12

l.——"1Mean = 3.1

2

__— Standard deviation = 5.1

]

— P

Lower quartile = 0

Upper quartile
=8.75

\ N
I ] Inter-quartile I It
0o 1 2 3 |(range=8.79|8 9 10 11 12

Number of Issues
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Box and whisker diagrams (boxplots)

1 Give a good ‘picture’ of scale data

1 Box ends are the lower and upper
quartiles %
d Box middle line is the median —

o

?

e <
O Whiskers are the minimum/maximum

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

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

—

N |

éo

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

—> O

X

Maximum or
1.5 times box
length

3" quartile
Median
15t quartile

Minimum or

—— 1.5 times box

height

Outliers

Extreme
outliers
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Boxplot of Height

180
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Height

140+

e Maximum
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— Median

Lower
quartile

. Some of the

63541986641:0 / Outliers With
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Boxplot of Tooth Fillings

30
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ToothFillings
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row numbers

Minimum and
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have same
value
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Scatter plots

A two dimensional display of data values for one scale
variable against another

30 oo o

Figure o>
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Using charts and statistics for
scale based data

1 Bar charts with interval categories — good for
summarising a scale

J Mean and standard deviation — better when
data is spread around the middle

1 Median and inter-quartile range — better when
data spread is unusual

 Boxplots — good for summarising data
» Can be used to compare several data groups
» Need at least 15 data points per group

d Scatter plots — show relationships between data
series

@@@ Peter Samuels Reviewer: Ellen Marshall
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Recap

We have considered:
 Types of data

d Tables

d Charts

J Measures of middle value
J Measures of spread

J Choices of tables, charts and measure for
different data types
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