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Modelling with Distributions 4

Your notes

Modelling with Distributions

When should | use a binomial distribution?
= Arandomvariable that follows a binomial distribution is a discrete random variable
= Abinomial distributionis used when the random variable counts something
= The number of successful trials

= The numberof members of a sample that satisfy a criterion (satisfying the criteria
canbe seen as a successful trial)

= There are four conditions that X must fulfil to follow a binomial distribution
= Thereis a fixed finite number of trials (n)
= Thetrials areindependent
= There are exactly two outcomes of each trial (success or failure)

= The probability of success (p) is constant

When should | use a Poisson distribution?
= Arandom variable that follows a Poisson distribution is a discrete random variable
= APoissondistributionis used when the random variable counts something
= The number of occurrences of an eventin a giveninterval of time or space
= There are three conditions that X must fulfil to follow a Poisson distribution
= The meannumber of occurrences is known and finite (1)
= Theeventsoccuratrandom

= The events occur singly and independently

When should | use a normal distribution?
= Arandom variable that follows a normal distribution is a continuous random variable

= Anormaldistributionis used when the random variable measures something and the
distributionis:

= Symmetrical
= Bell-shaped

= Anormaldistribution can be used to model real-life data provided the histogram for this
datais roughly symmetrical and bell-shaped

= |fthevariable is normally distributed then as more datais collected the outline of the
histogram should get smoother and resemble a normal distribution curve
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_ L;T ,

SY Your notes

Can the binomial or Poisson distribution and the normal
distribution be usedin the same question?

= Some questions might require you to first use the normal distribution to find the
probability of success and then use a discrete distribution

= Rememberadiscrete distributionis either a binomial or Poisson distribution

= Thekeyis to make sure you are very clear about what each parameter/variable
represents

o

Worked Example

In a population of cows, the masses of the cows can be modelled using a normal
distribution with mean 550 kg and standard deviation 80 kg. A farmer classifies cows
as beefyif they weighmore than 700 kg. The farmer takes arandom sample of 10
cows and weighs them.

Find the probability that at most one cow is beefy.

Answer:
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State the variables and distributions ,
Let M be the mass of a cow

M~ N(550, 80

Let X be the number of beefy cows in the sample

X~ B0, p) where p is the probability that a cow is beefy

Your notes

Calculate the value of p

b = P(M > 700)
550 700
Standardise:  P(M>700) =P|(Z > 7008%
= P(Z > 1.875)
=1-8(1.375)
=1-0.9697

Use table of values: p =0.0303

Find the probabilty of at most 1 beefy cow
X~ B(10,0.0303)

P(X<N =P, + P, (40)
=10
1 Using formula
(48) =1 =(0.9697)° + 10(0.0303)(0.9697)° Pr = (:) P1—pl "

=0.96485...

0.965 (3sf)
\
s

Examiner Tips and Tricks

= Always state what yourvariables and parameters represent. Make sure you know
the conditions for when each distributionis (oris not) a suitable model.
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Approximating the Poisson Distribution ,

Your notes

Calculating probabilities using a binomial or Poisson distribution can take a while. Under
certain conditions we can use a normal distribution to approximate these probabilities. As
we are going from a discrete distribution (binomial or Poisson) to a continuous distribution
(normal) we need to apply continuity corrections.

Continuity Corrections

What are continuity corrections?

= The binomial and Poisson distribution are discrete and the normal distribution is
continuous

= Acontinuity correction takes thisinto account when using a normal approximation

= The probability being found will need to be changed from a discrete variable, Xto a
continuous variable, Xy

= Forexample, X = 4 for Poisson can be thoughtof as 3.5 < XN < 4.5 fornormal as

every number within this interval rounds to 4

= Rememberthat foranormal distribution the probability of a single value is zero so

P(3.5< XN<4.5) =P(3.5< Xy < 4.5)

How do | apply continuity corrections?

= Think about whatis largest/smallest integer that can be included in the inequality for the
discrete distribution and then find its upper/lower bound

. P(X=k)zP(k—O.5<XN<k+O.5)
. P(Xsk)zP(XN<k+O.5)

= YouaddO.5asyouwanttoinclude kinthe inequality

» P(X<k) zP(XN< k—0.5)

= YousubtractO.5asyoudon'twantto include K inthe inequality

= P(X>k) zP(XN> k-0.5)

= Yousubtract 0.5asyouwanttoinclude kinthe inequality

» P(X> k) zP(XN> k+0.5)

= YouaddO.5asyoudon'twanttoinclude kinthe inequality

= Foraclosedinequality suchasP(a < X < b)

= Think about eachinequality separately and use above
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P(X > a)%P(XN>a+O.5) /

P(X<b) zP(XN> b+0.5) Your notes

= Combinetogive

P(a+0.5<XN< b+0.5)

Normal Approximation of Poisson

When canluse a normal distribution to approximate a Poisson
distribution?

= APoissondistribution X ~ PO(/l) can be approximated by a normal distribution
XN ~ N(/l,O'z) provided
= Ais large

= Rememberthat the mean and variance of a Poisson distribution are approximately
equal, therefore the parameters of the approximating distribution will be:

. 'u=ﬂ,
= 02=)

. O'=*\/7

= The greaterthe value of Ain a Poisson distribution, the more symmetrical the distribution
becomes and the closeritresembles the bell-shaped curve of a normal distribution

A 1S SMALL A IS LARGE
NOT A GOOD APPROXIMATION A GOOD APPROXIMATION

A

Why do we use approximations?

= |fthere are alarge number of values for a Poisson distribution there could be alot of
calculationsinvolved and it is inefficient to work with the Poisson distribution
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= These days calculators can find Poisson probabilities so approximations are no ,
longernecessary
Your notes
= Howeverit can still be easier to work with a normal distribution
= You can calculate the probability of arange of values quickly

= Youcanuse theinverse normal distribution function (most calculators don't
have aninverse Poisson distribution function)

How do | approximate a probability ?

STEP 1. Find the mean and variance of the approximating distribution

» p=02=1
= STEP 2: Apply continuity corrections to the inequality
= STEP 3: Find the probability of the new corrected inequality
= Findthe standard normal probability and use the table of the normal distribution

= The probability willnot be exact asitis an approximation but provided A is large enough
thenit will be a close approximation

.
Worked Example
The number of hits on a revision web page perhour can be modelled by the Poisson
distribution with a mean of 40. Use a normal approximation to find the probability that
there are more than 50 hits on the webpage in a given hour.
Answer:
Let X be the number of hits per hour, then X~Po (40)
A. =40 is large so X can be approximated by X, ~ N(40, 40)
Apply continuity corrections to P(X >50)
Strict inequality so use
P(X, > 50 + 0.5)
P(X>50) = P(X,>50.5) P(X, >50.5)s
50.5 — 40
o> 25
40
=1- 81.660)
=1-0.9515
=0.0485 40 50.5
P(X>50)1=0.0485
\
>
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Examiner Tips and Tricks /’

= The questionwill make it clearif an approximationis to be used, A will be bigger Your notes
thanthe valuesinthe formulabooklet.
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Approximating the Binomial Distribution /

Your notes

Normal Approximation of Binomial

When canluse a normal distribution to approximate a binomial
distribution?

= Abinomial distribution X ~ B(n,p) can be approximated by a normal distribution
XN ~ N(,u,O'z) provided

= nislarge
= piscloseto 0.5

= The mean and variance of a binomial distribution can be calculated by:
= u=np
- o2=np(1-p)

[ P NOT CLOSE TO 0.5 | / N

NOT A GOOD K_
APPROXIMATION

[P CLOSE TO 05 | /]

A GOOD
APPROXIMATION

] ] [N

Why do we use approximations?

= |fthere are alarge number of values for a binomial distribution there could be a lot of
calculationsinvolved and it is inefficient to work with the binomial distribution

= These days calculators can calculate binomial probabilities so approximations are
no longernecessary

= Howeveritis easierto work with a normal distribution
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= You can calculate the probability of arange of values quickly ,

= Youcanuse theinverse normal distribution function (most calculators don't Your notes
have aninverse binomial distribution function)

Dol need to use continuity corrections?
= Yes!

= Asthebinomial distributionis discrete and normal distribution is continuous you will
need to use continuity corrections

= P(X=k)~P(k —=0.5< X, <k+0.5)
. P(Xsk)zP(XN<k+O.5)
. P(X<k)zP(XN<k—o.5)
. P(sz)zP(XN>k—o.5)
. P(X>k)zP(XN>k+o.5)

How do | approximate a probability?

= STEP 1. Find the mean and variance of the approximating distribution
= u=np
= o?=np(1-p)
= STEP 2: Apply continuity corrections to the inequality
= STEP 3: Find the probability of the new corrected inequality
= Findthe standard normal probability and use the table of the normal distribution

= Find the standard normal probability and use the table of the normal
distribution

= The probability willnotbe exact asitis an approximate but provided nislarge and pis
closeto 0.5 thenit willbe a close approximation

o

Worked Example
The random variable X ~ B(1250,0.4).

Use a suitable approximating distribution to approximate P(485 < X< 530).

Answer:
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Step 11 Find Xy ~ N(m,G2) ,

J=np=(1250)0.4) =500 Your notes
02 =np (1-p) = (1250)(0.4)(0.6) = 300
O =1300

Step 2: Apply continuity corrections
485 < X < 530

Cnclude 530

4845 < Xy £ 530.5

Step 3: Calculate the probability

P(484.5 < Xy < 530.5)=P (M <z« 530.5 — 500

300 300

=P (-0.894... < z < 1.760...)
=0 1.76) — (1 - (0.89)

=0.9608 - (1 — 0.8133)
=0.7741
0.774 (3.s.f.)

Poisson Approximation of Binomial

When canluse a Poisson distribution to approximate a
binomial distribution?

= Abinomial distribution X~B(n, p)can be approximated by a Poisson distribution
Xp ~ PO(Z,) provided
= nislarge (typically> 50)
= pissmall
= The mean of abinomial distribution can be calculated by:
= A=np

= The Poissondistributionis derived from the binomial distribution for conditions where n
is becominginfinitely large and p is becoming infinitely small

Do I need to use continuity corrections?

= No!

= Asboth the binomial distribution and Poisson distribution are discrete there is no need
for continuity corrections

o

Worked Example
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Itis known that one personin a thousand who checks a revision website will choose to ,
subscribe. Given that the website received 3000 hits yesterday, use a suitable
approximation to find the probability that more than 5 people subscribed. Your notes

Answer:

Define the distribution:
Let X be the number of people who subscribe to the website,
then (

X ~ B [3000,

A
1000
Number of tridls-ﬂrj Probability of success

Check:
n= 3000 is large

— L i ll
P= Jopo s sma

Define the approximating distribution:
Xp ~P(3)
onp =3

Find the probability:
P(X >5) = P(Xp >5)=1 - P(X <5
=1- 0.946’1$_/€U5ing the tables
=0.0839

P(X > 5) = 0.0839 (3.s.f.)

Choosing the Approximation

How will | choose which approximation to use?

= When deciding what approximating distribution to use first make sure you know the
reason why you cannot find the probability using the original distribution

= |sthevalue of norAtoolarge?
= Willit take too long to carry out the calculations?
= Make sure you know what distribution you are approximating from

= [fyourdistributionis a binomial distribution, you could either use a Poisson (if pis
small) oranormal approximation (if p is close to 0.5)

= |fyourdistributionis a Poisson distribution, you will use a normal approximation
= Use the conditions for approximations to decide which approximation is appropriate

= Calculate the parameters for the approximating distribution
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CHOOSING APPROXIMATIONS

DISCRETE BINOMIAL POISSON
B(n, p) Po (A)
IS n LARGE? IS A LARGE
YE%/
IS p SMALL
NO
YES YES
IS p CLOSE

TO 0.5

Py (A)

POISSON

CONTINUOUS

1, SaveMyExams

O%=np(1 - p)

Examiner Tips and Tricks

NO
APPROXIMATION

NORMAL
N(M, 02

© 2026 Save My Exams, Ltd.

USE CONTINUITY
CORRECTIONS

= |f you are asked to approximate the binomial distribution but are unsure whether
to use Poisson or normal, then calculate the mean and seeif itis one of the
possible values forAin the table

4

Your notes
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