CHARIS Mathematics

Do you know
your vit al
s t atis tics?

Unit 2 • Do you know your vital statistics?

?

In this unit students will use a range of real mortality statistics in
order to cover areas of handling data and probability. At the same
time it is hoped that students will be led to reflect on issues
connected with life expectancy and death.

Using this unit
The unit is built around three main sets of statistics. They are:
u Life and death in England and Wales - 1992,
u John Graunt’s London Life Table - 1662,
u Life table, 1990 to 1992.
Each source provides opportunity for statistical and probability work
and provides a focus for discussion on some of the spiritual issues.
Ideas are given in the teaching notes as to what might be the key
discussion points at different times, but it is important to be flexible and
to take opportunities as they arise.
Obviously, in tackling the area of death with students there is a need for
sensitivity and it is important that students are encouraged to realise this
from the outset. Teachers will need to consider whether it is an
appropriate time to cover such a unit, particularly if a student has had a
recent bereavement. Also, in using real statistics, there is a possibility
that the 1992 data may have a personal significance to some students.
The work covered is suitable for Intermediate Level students.
Students will need to be able to:
u Calculate one quantity as a percentage of another;
u Work confidently with numbers up to millions;
u Round numbers to a given number of decimal places.
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UNIT 2
Mathematical
content
AT4
Analysing and
interpreting data
including
u Reading tables
u Constructing
frequency diagrams
u Constructing
cumulative
frequency diagrams
u Calculating averages
Estimating and
calculating the
probabilities of events
including
u Using relative
frequency to
calculate
probabilities
u Describing
probability as a
fraction, decimal and
percentage
u Using standard
probability notation

Spiritual and moral
development
It is hoped that
students will consider
and reflect on how
much they value their
own life, what affects
how long they live, how
long they want to live
and how they respond
to and cope with death.
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Background
The Life and Death in England and Wales - 1992 and the Life table - 1990 to 1992 sources are easily available
in public libraries. The population figures are estimates based on the 1991 census. The death figures are
based upon registered deaths recorded in England and Wales during 1992. The Life table, which can be
found in the same document, is produced by the Government Actuary’s Department and is based on the
assumption that existing mortality rates continue. Each year, many other statistics connected with death
rates and their causes are published by the Office of Population Censuses and Surveys.
John Graunt was considered to be the founder of demography. He was the first person to think of
producing a life table based on mortality figures and, although many of his assumptions were wrong, it
was a key step forward in the field. Others built upon his work including Edmund Halley, the astronomer,
who published improved tables in 1693. One of the driving forces behind developing this field was the
emerging life assurance business.

Additional sources
1992 - Mortality Statistics, general, England and Wales (OPCS, Series DH1, no. 27).
David M. Burton, The History of Mathematics - an introduction (Allyn and Bacon, 1985).

Notes on the activities
Life and death issues in 1992
Questions 1 to 5 (task 1)
The meaning of vital statistics and the first 5
questions could all be done orally with the whole class.
At this stage, students need the two “1992 Data
Sheets”, one on population, the other on deaths.
These could be photocopied back to back.
Question 6 (task 1)
When using the population table, students may need
to be helped with figures presented as 1,000’s.
Questions 7 and 8 (task 1)
Some students will need help setting up the diagrams
here and choosing appropriate scales.
Questions 10 and 11 (task 1)
These are to encourage the students to explore the
data for themselves and at this stage they could also
be encouraged to pose their own questions.
Task 1 answers:
1) 51, 276, 900
2) 558, 313
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3) 1.09%
4a) 567,400
5a) 154
6a) i) 340,400
iv) 50
6b) i) 326,000
iv) 666
6c) i) 38,600
iv) 11,245
9) 0.09%
0.09%
1.80%

4b) 839,600
5b) 1,709

4c) 326,800
5c) 15,174

ii) 321,800

iii) 60

ii) 326,100

iii) 949

ii) 99,600

iii) 6,317

0.03%
0.21%
4.44%

0.06%
0.61%
10.36%

Class discussion
After this initial activity is under way
there should be opportunity to
encourage discussion about some of
the following:
u Is death something we feel comfortable talking
about or is it a taboo subject?
u To what extent do we come into contact with
death in modern society and how well do we cope
with it?
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Living and dying in London
The information on the ‘John Graunt and his Bills of
Mortality’ sheet could be presented through teacher
exposition. Whether the sheet or exposition is used it
is important to check that students can use the life
table to calculate probabilities.
Question 2 (task 2)
Students are required to know how to work out the
probability of an event not happening.
Question 3 (task 2)
Students may need support in constructing the
diagram.
Question 4 (task 2)
This is to encourage students to think about what
probability can or cannot tell us.
Task 2 answers:
1a) 16/25
0.64
16
1c) /25
0.64
1e) 1/3
0.333
2a) 3/8
0.375
2c) 21/25
0.84
4a) 3 or 4
4c) 26

1b) 5/8
1d) 3/5

0.625
0.6

2b) 19/25

0.76

Question 4 (task 4)
Students may need support in interpreting the
meaning of expectation of life at a given age.
Question 6 (task 4)
This again encourages students to consider the
limitations of probability as a predictor of single
events.
Task 4 answers:
1a) 0.9923 99.2%
1c) 0.9665 96.7%
1e) 0.8023 80.2%
1g) 0.2002 20.0%
2a) 0.9970 99.7%
2c) 0.9820 98.2%
2e) 0.8789 87.9%
2g) 0.3834 38.3%
4a) 74.3
4b) 79.6

1b) 0.9832
1d) 0.9230
1f) 0.5387

98.3%
92.3%
53.9%

2b) 0.9925
2d) 0.9540
2f) 0.7031

99.3%
95.4%
70.3%

4c) 75.7

4d) 80.2

4b) 11 or 12

Class discussion
Having viewed the death rates in
the seventeenth century, students
could discuss:
u Whether considering death as a teenager has any
relevance in the 20th century, given the modern
survival rates;
u Whether having some knowledge of how long you
may have to live affects the way you live your life;
u The unpredictability of life and the limitations of
statistics.

How long have I got to live?
As a preliminary to this activity ask the students to
consider what ages each one wants to live to and then
to write it down.
Then find out what percentage want to live to at least
the ages of
a) 25 b) 35 c) 45 d) 55 e) 65 f) 75 g) 85
This needs to be done separately for males and
females. These figures can then be compared with the
figures in questions 1 and 2.
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Also, record their expected life spans so that an
average can be calculated for males and females. These
figures can then be compared with the figures in
question 4.

Class discussion
It would be good to end the unit by
drawing various threads together.
u Had they previously thought
much about how long their life might be?
u Do we need to consider death more often?
u What other questions about life and death has the
unit raised for them?

Combined probabilities (extension
work)
It is possible to do a lot more analysis and calculation
from the data provided. If the probability work
needed to be extended students could work on
combined survival rates. For example, they could
consider the chance of a just-married couple of ages
30 and 25 surviving to their silver or golden wedding
anniversary.
Also to extend students to a higher level they should
be encouraged to explore the data themselves and ask
their own questions.
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UNIT 2

The proper meaning of the term ‘vital statistics’ is data that is connected with human life and
aspects affecting it, such as the death rate. In this unit you will be using a variety of sources of data
all concerned with life and death.

Life and death issues in 1992

1

1.
2.
3.
4.

5.

6.

16

Before using the first data sheet, write down your estimates for the following questions.
In the year 1992, in England and Wales:
What was the total population?
How many people died?
What percentage of the population died during the year?
How many of the following age groups were living in the two countries:
a) 15 year olds b) 45 year olds c) 75 year olds?
How many of the same age groups died during the year?
a) 15 year olds b) 45 year olds c) 75 year olds?

25

39
4
Now you will need the ‘1992 data sheet’ to check your answers and do the following. 6
Find out for the following ages:
a) 6 year olds b) 46 year olds c) 86 year olds
i) the number of males living in England and Wales in 1992;
ii) the number of females living in England and Wales;
iii) the number of males who died during the year;
iv) the number of females who died.

7.

8
5
62
Draw a frequency diagram to show the population within the following age groups:
0 to 9, 10 to 19, 20 to 29, . . . 80 to 89.

8. Draw a frequency diagram to show the number of deaths using the same age groups as
above.
9. Calculate the percentage of each of the above age groups that died during the year
(answers accurate to 2 decimal places).

7

1

7
98
3
0
11. Write down any things that you have noticed from the data that surprised you.
0
1
10. What differences do you notice between the male and female figures:
a) in the population table b) in the deaths table.
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Living and dying in London
An important part of the mathematics curriculum is Handling Data, which includes
statistics and probability. There are two main ways that probability as we know it
came to be developed. One is the study of gambling and games of chance and the
other is in the field of insurance and mortality tables.
In this activity, you are going to learn about the early work on life and death statistics
and then calculate the chances of living to certain ages.

2

66
26
16
46
6
38
6
56

First you need to read the sheet ‘John Graunt and his Bills of Mortality’.

1. From the London Life Table, work out the following probabilities, giving your answer as a
fraction in its lowest terms and as a decimal accurate to three decimal places.
a) P (new baby surviving to 6)
b) P (6 year old surviving to 16)
c) P (26 year old surviving to 36)
d) P (46 year old surviving to 56)
e) P (66 year old surviving to 76)

2. Work out the following probabilities giving answers in the same way:
a) P (6 year old not surviving to 16)
b) P (26 year old dying before becoming 56)
c) P (new baby not living to 36)
3. Complete the table below and then draw a cumulative frequency curve to show the data
Age

0

6

16

0

36

60

26

36

46

56

66

76

Total % dead
by the age

4. Use your graph to answer the following. By what age would you expect
a) 25% b) 50% c) 75% of the population to be dead.
5. In 1669, Ludwig Huygens, a Dutch mathematician, had also been working on expected
length of life. In a letter to his brother Christian, he wrote “I have just been making a
table showing how long people of a given age have to live . . . Live well! according to
my figures you will live to about 56.5 and I will live to 55.”
Write down whether you think Huygens was right in saying he could predict his and his
brother’s life spans. Explain your reasoning.
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John Graunt and his Bills of Mortality

John Graunt was a London merchant who lived from 1620 to 1674. He is said to be
the founder of the science of demography, that is, the study of human population.
He was the first person to attempt to
interpret data that had been collected from as
far back as 1563. Each week the number of
deaths in London parishes was recorded. The
deaths were classified according to sex and
cause. These records were summarised each
year in what was known as the Bills of
Mortality.

56
8 46
6
6616

In 1662 Graunt published a tract called
Natural and Political Observation Made Upon the
Bills of Mortality. It was important enough for
Graunt to be made a member of the Royal
Society. He was the only shopkeeper amongst
a group of very learned men. Graunt drew
many conclusions from the data he worked
on. One was that although more males were
born than females, since women lived longer
than men, things would even out and there
would be no need for polygamy!

However, perhaps the most significant part
of Graunt’s work was the idea he had to turn
the death rates into what he called a life table.
Based on the data he analysed, he felt able to
predict what would happen to 100 children
born in the same year. So, for example, the
table says that by the age of 16 only 40
would still be alive, by the age of 66 only 3
would be expected to be alive still. The life
table could be used to calculate the
probability that people would live to a certain
age. For example:

P (16 year old living to 26) =

16 8
6
6
5 6646

(no. alive at 26)
(no. alive at 16)

P (new baby living to 26) =

25

=

25

or 0.625

40

or 0.25

100

P (26 year old living to 46) =

10

or 0.4

25

Although, the London Life Table had many flaws, it was still a key piece of work and
laid the foundation for many others to develop the subject.
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London Life
Table - 1662
Age

Survivors

0

100

6

64

16

40

26

25

36

16

46

10

56

6

66

3

76

1
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How long have I got to
live?

3

Since the time of John Graunt, the
statistics of life and death have
come a long way. Each year new life
tables are published which are based on
the most up to date death rates (usually
the last 3 years). In some ways they are
very similar to Graunt’s first life table,
but they also include a new figure called
life expectancy. This is how much longer
somebody of a certain age might be
expected to live, on average. For
example, if someone of age 45 has a life
expectation of 30 then they might expect
to live to 75.

4
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?

Before you work with a recent
life table, stop for a moment
and think again about how
long you expect to live.

Also, write down the probability that you will die.

25
16
39
46
875
8
You now need the ‘Life Table 1990 - 1992’ sheet.
71

1. From the life table for males, calculate the probability that a 15 year old boy survives to:
a) 25 b) 35 c) 45 d) 55 e) 65 f) 75 g) 85
Give your answers as a decimal accurate to four decimal places and as a percentage
accurate to one decimal place.
2. Do the same for a 15 year old girl.
3. Compare these figures with the class figures you did earlier. Write down what you notice.
4. Using the life expectation figures, work out the average age the following might expect to
live to:
a) 15 year old boy
b) 15 year old girl
c) 45 year old man
d) 40 year old woman
5. Compare 4a) and 4b) with the average age the males and females
in your class hope to live to.
6. Is it possible to use these tables to predict how long you will live?

?

If so, how? If not, why not?
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Life Table, 1990 to 1992 England and Wales
(Supplied by the Government Actuary’s Department)

Age

Males

Females

x

lx

ex

lx

ex

0

10,000

73.4

10,000

79.0

1
2
3
4

9,919
9,912
9,909
9,906

73.0
72.1
71.1
70.1

9,937
9,931
9,928
9,926

78.4
77.5
76.5
75.5

5
10
15
20

9,903
9,894
9,883
9,850

69.1
64.2
59.3
54.4

9,924
9,917
9,910
9,896

74.5
69.6
64.6
59.7

25
30
35
40

9,807
9,765
9,717
9,649

49.7
44.9
40.1
35.4

9,880
9,862
9,836
9,795

54.8
49.9
45.0
40.2

45
50
55
60

9,552
9,393
9,122
8,671

30.7
26.2
21.8
17.8

9,732
9,625
9,454
9,171

35.5
30.8
26.3
22.1

65
70
75
80

7,929
6,804
5,324
3,614

14.3
11.2
8.6
6.4

8,710
7,997
6,968
5,561

18.1
14.5
11.2
8.4

85

1,979

4.8

3,799

6.1

Notes:
lx is the number who would survive to exact age x out of 10,000 born, if they were
subject throughout their lives to the recorded death rates of 1990-92.
ex is the expectation of life, i.e., the average future lifetime which would be lived by a
person of exact age x, if likewise subject to these death rates.
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1992 Data Sheet - Population
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1992 Data Sheet - Deaths
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