Secret of the Talent Show
Does the order of the contestants’ performance in a
talent show effect the probability of them winning?

At present the three biggest talent shows on UK television are:
•
•
•

Strictly Come Dancing (Strictly) - a contest between celebrities who
ballroom dance with a professional dancer;
The X Factor (X Factor) - a talent show for singers/groups;
Britain's Got Talent (BGT) - a talent show for all types of
performers.

In Strictly and X Factor contestants perform in a certain order. The public
vote by phone or text and the two contestants with the lowest votes have
to sing or dance again for the judges to decide who is eliminated. This
Britain's Got Talent (BGT)
There have been six series of BGT which first began in 2007. Between
2007 and 2011 there were eight acts in each semi final. The contestants
performed and the act with the highest public vote automatically went
through to the final. The judges then decided whether the runner-up or
second runner-up would go through.
So,
Does the order of the contestants' performance in BGT affect the
probability of them winning?

TASK A
Let's consider BGT Series 1.
There were 3 BGT semi-finals in Series 1. The results are on the next
page.
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Winner
Runner up
Semi-final 1

Semi-final 2

Semi-final 3

You will notice in each case the winner of the semi-final performed last.
Is this likely to have occurred at random?
Let's make some assumptions so we can calculate the probability of this
happening.

Assumption 1
Each contestant has the same probability of winning.
So, the probability of each performer winning is

1
8

as there are 8 contestants.

Does this seem reasonable? Give a reason for your answer.
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Assumption 2
The probability of a single contestant winning and the probability of them
losing sum to 1, since there are only 2 outcomes win or lose.
Does this seem reasonable? Give a reason for your answer.

Assumption 3
The result of each semi-final is independent, i.e. the result of 1 semi-final does
not affect the result of another.
Does this seem reasonable? Give a reason for your answer.

Assumption 4
The probability of the last performer winning is equal for each semi-final.
Does this seem reasonable? Give a reason for your answer.

If we consider these 4 assumptions to be true then the probability of the last
performer winning each of the 3 semi-finals is
3

Therefore, very unlikely.

1
  = 0.0020 2 sf
8

Note: Any particular result for these three semi-finals also has a probability of
0.0020 of happening. For example if you wanted the 1st act to win in Semifinal 1, the 3rd act to win in Semi-final 2 and the 4th act to win in Semi-final 3
this would also have a probability of
3

1
  = 0.0020 2 sf
8
3
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TASK B
Consider BGT Series 2. There were 5 semi-finals in Series 2.

If we consider the 4 assumptions in TASK A to be true calculate the probability
of the last performer of each of the 5 semi-finals wins.
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TASK C
Consider BGT Series 3. There were 5 semi-finals in Series 3.

What is different about the results for these 5 semi-finals?
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So now we have 3 of the acts who performed last winning out of 5 shows.
To find the probability of this happening we need some extra notation.
Consider a BGT semi-final with 2 shows, each with 8 contestants.
How many ways can the last person to perform win 1 show only?
W = Last person to perform wins

L = Last person to perform loses

Combination 1
Combination 2

This can happen in 2 ways. So the probability that the last person to perform
will win the show is:
This can happen in 2 ways

2×

1 1

�8�

Probability last
person to perform
wins 1 show

7

1

�8� = 0.22 (2 sf)

×

Probability last person to
perform loses 1 show

Now consider 3 semi-finals with 8 contestants. How many ways can the last
person to perform win 1 show?

Combination 1
Combination 2
Combination 3

This can happen in 3 ways.
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There is a quicker way to work this out using
𝑛

C𝑟 =

𝑛!
(𝑛 − 𝑟)! 𝑟!

Note:
For example:

3!
C1 =
(3 − 1)! 1!
3!
3
C1 =
2! 1!
3

𝑛! = 𝑛 × (𝑛 − 1) × (𝑛 − 2) ×. . .× 1
5! = 5 × 4 × 3 × 2 × 1 = 120

3×2×1
2×1×1

3

C1 =

3 × 2/ 1 ×1
=3
= 1
2/ × 1 × 1

So the probability that the last person to perform will win in only one show is:
This can happen in 3 ways

3

×

1 1

�8�

Probability last
person to perform
wins

×

7 2

�8� =

Probability last person
to perform loses in 2
shows

Consider a BGT semi-final with 4 shows, each with 8 contestants.
How many ways can the last person to perform win in only 2 of the shows?

𝑛
3

C𝑟 =

C1 =

3

C1 =

3

C1 =

=

𝑛!
(𝑛 − 𝑟)! 𝑟!
4!

Show

1

2

3

4

(4−2)!2!
4!

Combination 1

W

W

L

L

Combination 2

W

L

W

L

4×3×2×1

Combination 3

W

L

L

W

Combination 4

L

W

W

L

Combination 5

L

W

L

W

Combination 6

L

L

W

W

2!2!

2×1×2×1

4/ × 3 × 2 ×1
=6
2/ 1 × 1 × 2/ 1 × 1
2

There are 6 ways this can happen.
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So the probability that the last person to perform will win 2 shows out of 4 is:
This can happen in 6 ways

6

Probability last person to
perform wins 2 shows

×

1 2

�8�

7 2

�8� = 0.072 (2 sf)

×

Probability last person to
perform loses in 2 shows

What is the probability that, in a BGT semi-final with 5 shows each with 8
contestants, the last person to perform will win in only 3 shows?

The Binomial Distribution.
The binomial distribution represents: the number of successes (r) in a fixed
number of trials (n).
Assumptions:
p is the probability of success, q is the probability of failure.
p + q = 1.
The trials are independent.
The probability of success is the same for each trial.
If 𝑋~Bin(𝑛, 𝑝), then
P(𝑋 = 𝑟) = 𝑛C𝑟 𝑝r qn−r for 0 ≤ 𝑟 ≤ 𝑛

where X is the number of times the last act to perform wins in 5 BGT semifinals.
The BGT model above is an example of the binomial distribution, if we accept
the assumptions in TASK A. However, assumptions 1 and 4 may not hold as
the contestants may not have equal talent.
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TASK D
Consider BGT Series 5. There were 5 semi-finals in Series 5.

Using the binomial distribution with n = 5 and p =

1
8

, and with assumptions 1

to 4, what is the probability that, in a BGT semi-final with 5 shows each with 8
contestants, the last person to perform will win in only 2 shows?
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TASK E
In BGT Series 6. There were 5 semi-finals in Series 6. The number of
contestants in each show was increased to 9.

Set up a new binomial model stating your assumptions and calculate the
probability that, in a BGT semi-final with 5 shows each with 9 contestants, the
last person to perform will win 3 shows?
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TASK F
Does the order of the contestants’ performance in BGT affect the
probability of them winning?
Give reasons for your answer.
TASK G
Looking back on your results and using the binomial distribution:
1

𝑋~Bin(5, ),
8

where X is the number of times the last act to perform wins in 5 BGT
semi-finals
calculate:
P(X=0)
P(X=1)
P(X=2)
P(X=3)
.
.
.

.
.
.

Looking at your results for the above probabilities at what point would
you think that something unusual is happening?
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