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The Monty Hall Problem: Equal Probability
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Abstract In this paper we present the complete tables resulting from the mathematical analysis of The Monty Hall
Problem and discuss a solution presented by a professor who got a PhD from the Aarhus University. The results are that there
is a flaw in the reasoning used by the professor and the Monty Hall Problem has been associated with a lot of mistaken
mathematical analysis: Switching and sticking, the final choice in the game that generates the problem, return the same
probability in what regards winning or losing. When the game became a mathematical problem, 10,000 readers expressed

their certainty that this was the case.
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1. Introduction

The Monty Hall Problem is ([1])

“connected to a TV show where a car would be hidden
behind a door. The other doors would have something else
behind them. The person participating in the game would
choose one of the three doors and if they guessed right, like if
they chose the door that had the car behind it, they would get
the car. The presenter would open one of the two doors that
remained (not chosen) after the person made the first choice.
That door would never have the car.

It is then said that they have studied the problem from the
TV show and if the person changed their choice at that stage,
like after the revelation of the contents of one of the two
remaining doors, then the person would have more chances
of getting the car because it was by studying the history of
the show that they reached that conclusion, like, statistically,
that would be the case.”

Marilyn vos Savant, author of a Sunday Parade column,
in 1991, is well known for having defended this theory [2].
She then said that if the person sticks they have 1/3 of chance
of winning but if they switch they have 2/3 of chance instead
[2].

The followina diagram is presented as explanation for this
theory by professors who studied at the Aarhus University:
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Diagram 1

In this paper we present the table of possible choices and
explain why this diagram is not OK.

2. Development

Call the doors A, B and C. The following table, which we
shall call Table 1, describes the choices available if the first
choice of door is A ([3]):
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Table 1
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So, on the first four lines of the table, we have: if the first
choice of door is A and the car is behind A Monty Hall could
open B or C. A cannot be opened because it was the choice of
the audience member and that one will remain closed until
the last stage of the game, when the audience member is
given the choice of sticking (keeping their choice as A) or
switching (changing their choice of door to the remaining
door). If the first choice of door is A, the car is behind A and
Monty Hall opens door B (he can only open B or C), the
audience member is left with two possibilities on the last
stage of the game: A or C. If the choice is A, we have
completed the line like this: A, A, B, A, stuck, won. To finish
counting the options when we have A, A, B, it is missing
choosing C in the end, so that the complete second line is A,
A, B, C, switched, lost. Now all options with A, A, B in the
beginning of the line have been explored, so let’s change to
Monty Hall opens C, the other possibility if we have A, A in
the beginning of the line. A, A, C means A and B as possible
choices in the end of the game, so that we have two more
lines: A, A, C,Aand A, A, C, B. If the second choice of door
is A and the first choice of door is A, the audience member
stuck and won. If the second choice of door is B and the first
choice of door is A, the audience member switched and lost,
so that we have completed two more lines of the table: A, A,
C, A, stuck, won and A, A, C, B, switched, lost. Now all
options with A, A in the beginning of the line have been
explored, so that we must hide the car behind B, following
alphabetical order. First choice of door being A, car hidden
behind B, Monty Hall has to open C, no other option. When
he opens C, two doors will remain closed, A and B. The
audience member may choose A or B, so that we have two
more lines: A, B, C, A, stuck, lost (now car is behind B) and
A, B, C, B, switched, won. We have now exhausted the
options with beginnings A, A and A, B. Missing beginning
with A, C. Now the door to be opened has to be B, no other
option, and the two final lines are A, C, B, A, stuck, lost and
A, C, B, C, switched, won.

Probability: number of wanted outcomes/total number of
outcomes ([4])

P(winning given that you are stuck)=2/4=0.5

P(winning given that you switched)=2/4=0.5
P(winning)=4/8=0.5

P(losing)=4/8=0.5

If the first choice of door is B or C, the reasoning is exactly

Second
choice of

Stuchk or
Switched?

A Stuck Won
; .- C Switched

A Stuck Won
B Switched Lost
A Stuck Lost
B Switched Won
A Stuck Lost
[ Switched Won

the same as presented before. We then have 24 possible
outcomes.
See ([3]):

Table 2
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The events First Choice of Door and Monty Hall Opens
are dependent ([4], [5]). P(first choice of door being A given
that Monty Hall opens C)#P(first choice of door being A)
because 4/848/24 or 0.5#0.3.

The events Monty Hall Opens and Second Choice of Door
are independent ([4], [5]). P(second choice of door being car
given that Monty Hall opens A)=P(second choice of door
being car) since 4/8=12/24=0.5. P(second choice of door
being car given that Monty Hall opens B)=P(second choice
of door being car) since 4/8=12/24=0.5. P(second choice of
door being car given that Monty Hall opens C)=P(second
choice of door being car) since 4/8=12/24=0.5. P(Monty
Hall opens A given that the second choice of door is a
car)=P(Monty Hall opens C) because 4/12=8/24~0.33.
P(Monty Hall opens B given that the second choice of door is
a car)=P(Monty Hall opens C) because 4/12=8/24~0.33.
P(Monty Hall opens C given that the second choice of door is
a car)=P(Monty Hall opens C) because 4/12=8/24~0.33.
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Also notice that P(winning)=P(winning given that you
switched) and P(switched given that you won)=P(switched)
because 12/24=6/12=0.5 and 6/12=12/24=0.5. Winning
and Switched are then indenendent events and the riaht
calculation is ([6]) P(W/S) = P(WNS)/P(S) = P(W)XP(S)/P(S)
= P(W) = 0.5. Following Diagram 1, we get 4/8=0.5, so the
same result.

If we consider the game is starting from the situation of
having two doors to choose from, the table is:

Table 3
Where is the Two Doors to Second choice Won or
car? Choose From of door Lost?
A A-C A Won
A A-C c Lost
A A-B A Won
A A-B B Lost
B A-B A Lost
B A-B B Won
B B-C B Won
B B-C c Lost
C A-C A Lost
C A-C c Won
C B-C B Lost
C B-C C Won

We then get P(winning) = 6/12 = 0.5 and P(losing) = 6/12
=0.5.

Diagram 1 appears from assuming that P(winning given
that you switched) is different from P(winning), yet we have
already proven that they are equal. The formula does not
apply or needs to be correctly applied. Host Opens and You
Open could not be connected in the diagram because these
events are independent.

The tree we presented in [1] is incomplete, since it is
missing stating what door conceals the car. That makes a
difference because both chosen door and door concealing the
car will ‘survive’ for the last round. We assumed the first
chosen door concealed the car, but it is then missing counting
the other cases, when it doesn’t. That will add the same
amount of cases to the cake, so that we then get 24. We fixed
the table presented in [7] correctly, but the table is incorrect
because it treats ‘switch’ and ‘stick’ as columns but those are
not actions, just a tag imposed to the second choice of the
audience member, yet all other columns are actions. The
right column for the reasoning appearing in [7] would be
‘you open’ and we could then have another column where we
write the label associated with the ‘you open’ result, which
will be ‘switched’ or ‘stuck’, when we get the same result we
see in Table 2.
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3. Conclusions

There is a fundamental mistake in Diagram 1, which is
assuming that Winning and Switching are not independent
events. We have proven, by means of adequate counting of
cases, that these events are independent. With this, the
probability of winning given that you switch is equal to the
probability of winning, which is 0.5.

[8] lets us know that “When vos Savant politely responded
to a reader’s inquiry on the Monty Hall Problem, a
then-relatively-unknown probability puzzle, she never
could’ve imagined what would unfold: (...) she received
over 10,000 letters, many from noted scholars and Ph.Ds,
informing her that she was a hare-brained idiot.”
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