Probability with Statistics

Probability and
Statistics

The theory from probability can be used to help
analyse the data obtained from statistical
studies. This forms the last part of Strand 1.

The key idea here is that of a probability
distribution and the corresponding probability
histogram or curve. The most important
example is the standard normal probability
distribution. The values of the probabilities, i.e.
the areas under this curve, are given on pages
36 and 37 of the Formulae and Tables. You
should practise calculating areas in right tails,
left tails and between two given values of z.

By converting to standard units, we can also
calculate probabilities for any normal variable.
Associated ideas are the empirical rule and
using standard units (z scores) to determine
relative standing.

This theory from probability can be used to
determine the reliability of statistics derived
from sample data. The margin of error of a
sample proportion can be used to give a
confidence interval for a population proportion.

Another application is the use of the margin of
error in making a decision about whether an
obtained sample proportion is consistent with
an assumption about a population proportion.
This is called hypothesis testing.

The final application is to use the theory
associated with the Central Limit Theorem to
deal with the distribution of sample means and
hence determine the probability that the mean
of an individual sample differs from the mean
of the population by a specified amount.

None of the calculations in this section is in any
way challenging. Rather the difficulty lies in
understanding the concepts, and being able to
decide what to do in any given situation.

1. Standard normal tables
e.g. if Z is a standard normal variable,
calculate P(—1<Z <1-48)
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2. Other normal distributions

e.g. A certain brand of chocolate bar has

weight which is normally distributed

with mean 150 g and standard deviation

5¢g.

(i) What is the probability that a bar of
chocolate chosen at random has a
weight less than 140 g?

zZ= X}t

|

q

ISO
S
190

xX Q=
'BUBL
S NWae

Answer:

(ii) In a delivery of 2000 of these bars,
how many would we expect to
weigh less than 140 g?
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3. Empirical rule =56
e.g. X is a continuous random variable H
which is normally distributed with mean o= D-% 6%%
5-6 and standard deviation O-8. 457
Calculate P(4-8<X <7-2), i.e. the °° \I\
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4. Relative standing
e.g. Paul plays an online game against
many other players. On Monday, he
scores 21050 and is told that for his
group of players the mean and standard
deviation are 19550 and 780
respectively. On Tuesday, he plays again
against the same group of players. This
time he scores 20440, and is informed
that the mean and standard deviation are
19400 and 580 respectively. On which
day did Paul perform better relative to
the other players in his group? Give a
reason.
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5. Margin of error
e.g. In a by-election, a random sample of
400 voters suggests that 38% will vote
for candidate A.
(i) What is the margin of error?

E-t

(ii) Give the 95% confidence interval
for the true proportion of voters who
intend to vote for candidate A.
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6. Hypothesis testing :
e.g. The manufacturers of a new “'a vaw i
treatment claim that it cures hiccups l"'c““Ps Aok Within 2D Secopcto
within 20 seconds for 90% of people. An ‘6’"‘ QDA F‘W’
independent body decides to check this P = 4a0%
claim. The new treatment is tested on a O*Hu’\‘h"f ‘“&ﬁf
random sample of 4000 hiccups H' = Alca..’o s Me curedh QOrffain
sufferers, and cures the hiccups of 3540 2D Sgccl-\p(.o .64 0% .f! 'mo/v(n_
of these. @.. P2 9%

(i) State the hypothesis that should be
made by the independent body.
(ii) On what basis should the ®AC°"’°FL' gy Rajeck d&‘f’a’d““? on N/

independent body reject or not reject

the hypothesis?
(iii) Determine if the independent body
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frequencies.
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(iii) Calculate the expected value, E(X),
i.e. the mean p. Calculate the standard
deviation, treating the probabilities as
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(vi) If a single person repeats the trial 36
times, what is the probability that the
mean number of heads obtained is
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@iv) Su[;pose one player repeats this trial 36
times and records the number of heads
each time. What will this player’s

(v) Suppose many people repeat the test 36
times each, and the mean number of
heads over the 36 trials is recorded for
each person. For the distribution of the
sample means, what is the mean and
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