sINO DEAL

An Analysis of the Banker’s offer

Danielle Girdwood
Deal or No Deal, a game show hosted by Howie Mandel and airing on the NBC
network, is a game of probability and strategy. At the beginning of the game, the
contestant is presented with 26 numbered briefcases, each held by a model and containing

different amounts of money, ranging between $0.01 and $1,000,000.00.

The specific amount in each specific case is unknown to everyone, including the
contestant, host, audience, and banker. The contestant chooses one of the briefcases to
put aside, as “their briefcase” for the duration of the game. The contestant then proceeds
to eliminate the remaining 25 cases by opening them and revealing the amount of money
they hold. As each of these cases is opened, the amount it holds is removed from the

board, which shows the remaining possibilities of what their case holds.

* http://www.nbc.com/Deal_or No Deal/
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After 6 cases are opened, the banker, an unseen character who observes the entire
game, makes an offer to buy the contestant’s case from him or her. This offer is
communicated through a phone call to the host, Howie. The contestant then has the
option to accept the offer and make a deal, or decline the offer and not make a deal. The
banker continues to make offers at pre-determined points in the game. These offers are
made after the contestant has opened 5, then 4, then 3, then 2 cases. The offers continue
with the contestant opening only one case at a time till only one case remains. At the very
end of the game, when there are only two cases left unopened (the contestant’s case and
one a model is holding), the contestant is given the opportunity to switch. These basic
rules and aspects of the game remain constant in all games. This game is replicated on
NBC'’s Deal of No Deal website

(http://www.nbc.com/Deal_or No_Deal/game/flash.shtml) as an online game, in

identical format.



Electronic version of the game:
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In order to achieve my final goal of analyzing the game from the banker’s point of
view, I used this website and electronic version of the game to gather data and test my
theories. In order to easily understand the game statistically, I assumed that instead
removing the contestant’s case at the beginning, it remained in play. Therefore, the
contestant works towards guessing the last case. I also chose to ignore the last switch
opportunity at the end of the game, in order to focus on the other aspects of the game.

Expected value is the long-term average gain per game and is calculated by the
following formula (where X is the payoff or winnings of a certain outcome in a game and
P(X) is the probability of that certain outcome):

E=X*P(X)+X:*P(X2)+ X:* P(X3)+...+ Xo* P(X)).
Using the general information of the game, [ was able to create an Excel version of the
board. This version of the board would calculate the number of cases remaining

(represented by K), the expected value of the game (E).



Excel version of board to calculate E and K

On Board? Probability Prize in Case {(Prob) X (Prize)

1 0.03846154 $0.01 $0.00
1 0.03846154 $1.00 $0.04
1 0.03846154 $5.00 $0.19
1 D.03B46154 £10.00 £0.38
1 D.03B46154 £25.00 £0.96
1 D.03B46154 £50.00 £1.92
1 D.03B46154 £75.00 $2.88
1 D.03B46154 £100.00 £3.85
1 D.03B46154 $£200.00 £7.69
1 0.03846154 $300.00 %11.54
1 D.03B46154 £400.00 $15.38
1 D.03B46154 £500.00 $159.23
1 D.03B46154 $£750.00 $28.85
1 D.03B46154 £1,000.00 $38.46
1 D.03B46154 £5,000.00 $192.31
1 D.03B46154 $10,000.00 $3B4.62
1 D.03B46154 $25,000.00 $961.54
1 D.03B46154 $50,000.00 $1,523.08
1 D.03B46154 $75,000.00 42, BB4.B2
1 D.03B46154 $100,000.00 43, B46.15
1 D.03B46154 $£200,000.00 47,652.31
1 D.03B46154 $300,000.00 $11,538.46
1 D.03B46154 $400,000.00 $15,3B84.62
1 D.03B46154 £500,000.00 $15,230.77
1 D.03B46154 £750,000.00 $2B,B46.15
1 D.03B46154 £1,000,000.00 $3B,461.54
[Total on Board: 26] [Expected Value: $131,477.54

Using this electronic board, I was able to collect data from 10 online games and
find the expected value at each of the 9 points during each game when the banker made
an offer. Using Fathom, a data analysis program from keypress.com, I was able to
compare each of these expected values against their corresponding offer from the
electronic banker.

Bvs. E
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After seeing this graph I began to wonder if perhaps time played a role in the

banker’s offer. Using K (remaining cases), I was able to calculate how far into the game



we are, or the percent of the game that has passed (T). The formula is as follows,

T =(26-K)/26. Then, I graphed the ratio of Banker to Expected value against Time.
The reason for doing this was to see if time played any effect on the Banker’s offer.
Because we had not yet figured out the equation for the banker’s offer, we used the ratio
of the Banker’s offer to the expected value, which had shown a correlation. The result
showed me that, in fact, time does play a large role in the banker’s offer.

Ratio of B and E vs. Time
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Trying to find a Least-Squares line, or best-fit line, for this data proved to be
difficult because of its unique shape. Initially, an exponential curve seemed to be the best
option. However, when we attempted to plot T vs. logRatio and logT vs logRatio, in an
effort to straighten it, we had no luck. Therefore this proved that this was not an

exponential or a power function.
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I realized next, that in order to see the data in a clearer and simpler way, we might
consider averaging data points to simplify the graph. In a single game there are 9
different times when offers are made. Therefore, if we average all the offers at a single
time point, and do the same for all of the other offers in the individual remaining 8 time
points, we might simplify the graph. If each game is different because of the different
cases and amount of money opened, how could we average this data? Before, all of the
data points were different, each referring to a different game, with specific and differing
circumstances. However, by using the ratio of B to E, we are able to compare all of the
data from different games and understand them in relation to one another. However, by
looking at the graphs above, it is clear that with 10 points of data at each of the 9 points
where offers are made, the equation of the graph is not clear. Therefore, I decided to
average the points at each of the 9 offering points. Therefore, we could more clearly see
the trend of the graph with one point representing the average of the data gathered from

10 games. The resulting graph was crystal clear.

Average Ratios vs. T
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This graph was a huge turning point for my research, exposing the true nature of
the banker’s decision making. This graph is actually a piecewise defined function, made
up of two formulas. T determines which formula is used during the banker’s decision
making. In other words, depending on how far into the game a contestant is, the banker
will use one of these two formulas to make an offer. In order to identify each of these
formulas, I judged the graph and split the data into the first formula and second formula.
The first formula accounts for if 7 <0.75, meaning the first 75% of the game. The
second formula accounts for if 7 =0.75, the remaining 25% of the game. “0.75” is the
value of T at which the formula changes from the first formula to the second. I created
separate graphs for each formula and plotted a Least-Squares line to give me the final

equations.

Graph for T <0.75
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Graph forT =0.75
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The rvalue in a Least-Squares line represents the correlation of the Time and Ratio
Average. For the first equation, the r-value is somewhat misleading. Although it reads
r*=0.010, and therefore r=0.1, the correlation is almost irrelevant. From the graph it is
clear that for the first 75% of the game, the ratio of B to E basically remains constant.
However, in the second graph, the correlation is nearly perfect, showing that the ratio
increases at a constant rate in the last 25% of the game. Therefore, the final formula

which determines the banker’s offer in the online version of Deal or No Deal is:

B
if <075, =006 4027, else %=2.62T—1.75

B

where T is equal to time passed in the game, © is equal to our anticipated banker’s offer

over the Expected value of the game.

Using this formula, I was able to create an updated and revised electronic version
of the board on excel. This board computes K (cases remaining), T (time), E (expected
value), and “our banker’s offer,” which is an estimated offer based off of the formulas

discussed.



Updated Electronic Version of the Board

|On Board?{1= YES, 0=N0}| Probability |

Prize in Case

| (Prob) X (Prize)
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03B4el154 £0.01 S0.00
03B4el54 $1.00 s0.04
03B4R154 £5.00 $0.19
03B4el54 S10.00 s0.38
.03B46154 $25.00 $0.96
03B4el154 50,00 £1.92
.03B46154 $75.00 $2.BB
D3B4e154 100,00 £3.85
03B4el154 S200.00 $7.69
.03B46154 $300.00 $11.54
03B4el54 400,00 $15.38
.03B46154 $500.00 $19.23
03B4el154 SFE0.00 L2B.B5
03B4el54 %1,000.00 $3B.406
D3B4e154 45, 000,00 $152.31
03B4el154 £10,000.00 $3B84.62
.03B46154 $25,000.00 $961.54
03B4el54 £50,000.00 %1,523.08
.03B46154 $75,000.00 52 BB4.62
03B4el154 S100,000.00 43 B46.15
03B4el54 S200,000.00 &7.692.31
03B4R154 S300,000.00 $11,53B.46
03B4el54 S400,000.00 %15, 3B4.62
.03B46154 £500,000.00 $19,230.77
03B4el154 SFS0,000.00 428, B46.15
.03B46154 $1,000,000.00 $38,461.54

|E: $131,477.54

Using this calculator, I gathered data on 10 online games and graphed Our Banker’s offer

against the electronic bankers offer from the online game.



Our Banker vs. Electronic Banker
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The results of this graphing confirmed our formulas and theories with a positive
correlation coefficient value of r =.99, which is nearly perfect. Therefore, the electronic

banker’s offer is based off of the formula:
. B B
if T<0.75, E =0.00326T +0.27, else: R 2.62T -1.75.

This equation gives us a greater understanding of the banker’s offers throughout
the game. We can conclude that, in general, for the first 75% of the game, the banker will
offer the contestant approximately 27% of the expected value of the game. For the
remainder of the game, this percent will increase gradually. However, my model predicts

that the banker’s offer will never surpass 87% of the expected value of the game. This is

because, when 7=1, % =2.62(1)-1.75=0.87.
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In conclusion, although I have made many discoveries and explored much of the

game in my research, there is still a great amount of information about this game

remaining to be interpreted and analyzed. If I were to continue my research I would

peruse and expand upon three main ideas.

The first would be to explore the correlation between my formulas and my banker
(based off of the electronic online game) and the actual TV game. This could
involve analyzing the psychology of the live game and judging the behavior and
risk taking of the contestant.

The second idea is analyzing the game from the point of view of the contestant.
When should a contestant accept or decline and offer?

The third idea I would peruse would be to analyze the two aspects of the game |
chose to exclude. These aspects are the idea of the contestant not having a
particular case set aside, and the idea of “switching” at the end of the game. This
could change the probabilities of the game, and therefore affect the formulas I
have found. My research and the formula I have discovered is an opportunity to
understand the banker’s mind. Whether you are in the audience or the contestant,

this analysis will better your understanding of the game and the banker’s offers.
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