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Suppose You Are Playing A Game With One Die At A Casino. You Win $1 If You Get A 2 Or A 6. You
Lose $2. This simple game might seem straightforward at first glance, but when you delve into the
probabilities and expected values, it reveals interesting insights into risk, reward, and strategic decision-
making. Whether you're a seasoned gambler or just curious about the mathematics behind such games,
understanding the underlying probabilities can help you make more informed choices and appreciate the
nuances of casino games.

In this article, we will analyze this particular game in detail, exploring the probability of winning and
losing, calculating the expected value, and discussing the implications for players. We will also examine
how this game fits within broader concepts like expected value, variance, and risk management, providing
a comprehensive understanding of its mechanics and potential strategies.

Understanding the Game Setup

Before diving into calculations, it's important to clearly understand the rules and payouts:

- You roll a single six-sided die.
- If the outcome is a 2 or a 6, you win $1.
- If the outcome is any other number (1, 3, 4, 5), you lose $2.

This setup frames the game as a probabilistic scenario, with clear outcomes and associated payoffs.

Calculating Probabilities

The core of analyzing this game lies in understanding the likelihood of each possible outcome.

Possible Outcomes and Their Probabilities

Since the die is fair, each face has an equal probability:



- Total outcomes: 6
- Outcomes that result in a win: 2 (the 2 and 6)
- Outcomes that result in a loss: 4 (the 1, 3, 4, 5)

Probabilities:

- Probability of winning (rolling a 2 or 6):
\( P(\text{win}) = \frac{2}{6} = \frac{1}{3} \)

- Probability of losing (rolling any other number):
\( P(\text{lose}) = \frac{4}{6} = \frac{2}{3} \)

Understanding these probabilities is essential for calculating the expected value and assessing the game's
fairness.

Expected Value Calculation

Expected value (EV) is a key concept in probability and gambling, representing the average payout a
player can anticipate over many repetitions of the game.

Formula for Expected Value:

\[
EV = (P(\text{win}) \times \text{Win Amount}) + (P(\text{lose}) \times \text{Loss Amount})
\]

Plugging in our values:

\[
EV = \left(\frac{1}{3} \times \$1\right) + \left(\frac{2}{3} \times -\$2\right)
\]

\[
EV = \frac{1}{3} \times \$1 + \frac{2}{3} \times -\$2
\]

\[
EV = \frac{1}{3} + \left(-\frac{4}{3}\right)
\]



\[
EV = \frac{1}{3} - \frac{4}{3} = -\frac{3}{3} = -\$1
\]

Interpretation:

The expected value of this game is -\$1 per roll, meaning that on average, a player loses $1 each time they
play in the long run. This indicates that the game favors the house, making it a negative-expectation game
for the player.

Implications of the Expected Value

Understanding that the expected value is negative has several important implications:

- House Edge: The game has a built-in house edge equivalent to the average loss per game, which is 100%
of the expected loss (\$1).

- Long-Term Play: Over many repetitions, players are expected to lose money. This is typical for casino
games, ensuring the casino's profitability.

- Short-Term Variability: Despite the negative expected value, players may win or lose in the short term
due to variance, but the overall trend over time favors the house.

Risk and Variance in the Game

While the expected value provides an average outcome, it does not account for variability or risk. To
understand the game's risk profile, we look at variance and standard deviation.

Calculating Variance

Variance measures how much the outcomes fluctuate around the expected value.

- Outcomes:

- Win: +\$1, probability \(1/3\)
- Lose: -\$2, probability \(2/3\)

- Recall EV = -\$1.



Variance formula:

\[
Var = P(\text{win}) \times (\text{Win Amount} - EV)^2 + P(\text{lose}) \times (\text{Loss Amount} -
EV)^2
\]

Calculations:

\[
Var = \frac{1}{3} \times (\$1 - (-\$1))^2 + \frac{2}{3} \times (-\$2 - (-\$1))^2
\]

\[
Var = \frac{1}{3} \times (\$2)^2 + \frac{2}{3} \times (-\$1)^2
\]

\[
Var = \frac{1}{3} \times 4 + \frac{2}{3} \times 1
\]

\[
Var = \frac{4}{3} + \frac{2}{3} = \frac{6}{3} = 2
\]

Standard deviation:

\[
\sigma = \sqrt{Var} = \sqrt{2} \approx 1.414
\]

This indicates a relatively high level of variability in outcomes, reflecting the game's riskiness.

Strategies and Decision-Making

Given the negative expected value, should players avoid this game entirely? The answer depends on
individual risk preferences and game context.



Player Considerations:

- Risk Tolerance: If you dislike losing money or have a low risk appetite, this game is unfavorable over the
long term.
- Short-Term Play: For entertainment or short-term gambling, players might accept the negative EV,
understanding they could win in the short run.
- Bankroll Management: Players should be aware of the variance and plan their bankroll accordingly to
withstand potential losses.

Possible Strategies:

- Avoid Play: Since the expected value is negative, the statistically optimal choice is not to play if your goal
is to maximize expected return.
- Limit Play: If you choose to play, set a limit on losses and stick to it to prevent large cumulative losses.
- Seek Positive EV Games: Look for games or bets with positive expected value, although such
opportunities are rare in casinos.

Broader Context: Expected Value and Casino Games

This game exemplifies the core principle of casino games: they are designed to have a house edge, ensuring
the casino profits over time.

- Negative EV Games: Most casino games, including roulette, slot machines, and blackjack, have negative
expected values for players.
- Importance of Probability: Understanding probabilities and expected values helps players identify which
games are worth playing and which are not.
- House Edge and Profitability: Even small negative EVs, when played repeatedly, lead to significant
cumulative losses, illustrating why casinos are profitable.

Conclusion

Analyzing a simple game like rolling a die with specific payouts reveals much about gambling's
mathematical foundations. The key takeaway from this game is that with a 1/3 chance to win \$1 and a 2/3
chance to lose \$2, the expected long-term loss is \$1 per game. While short-term luck can vary, consistent
play leads to expected losses, emphasizing the importance of understanding probabilities and expected
values before engaging in gambling activities.



Whether for entertainment or strategic decision-making, knowledge of the underlying math enables
players to make informed choices, manage risks effectively, and recognize the inherent advantages casinos
hold in such games. As always, responsible gambling involves understanding these mathematical realities
and playing within your means.

---

Summary:

- Probability of winning: 1/3
- Probability of losing: 2/3
- Expected value: -\$1 per game
- Variance: 2, standard deviation ≈ 1.414
- Conclusion: The game favors the house; players should be cautious and aware of the negative expected
value when deciding to play.

Frequently Asked Questions

What is the expected value of playing this game once?
The expected value is calculated as (Probability of winning × Win amount) + (Probability of losing × Loss
amount). Here, P(win) = 2/6 = 1/3, P(loss) = 4/6 = 2/3. So, expected value = (1/3 × $1) + (2/3 × -$2) = $0.333
- $1.333 = -$1.00. Therefore, on average, you lose $1 per game.

Is this game favorable to the player or the casino?
Since the expected value is negative (-$1), the game favors the casino over the long run.

What are the probabilities of winning and losing in this game?
The probability of winning (rolling a 2 or 6) is 2/6 or 1/3, and the probability of losing (rolling any other
number) is 4/6 or 2/3.

If you play 30 rounds of this game, what is the expected total loss?
The expected loss per game is $1, so over 30 rounds, the expected total loss is 30 × $1 = $30.

Can this game be considered fair or biased?
The game is biased against the player because the expected value is negative, meaning the player is
expected to lose money over time.



Additional Resources
Suppose You Are Playing A Game With One Die At A Casino. You Win $1 If You Get A 2 Or A 6. You
Lose $2. This scenario presents an interesting case study in probability, expected value, and risk
management within the context of casino gaming. Analyzing such a game involves understanding the
probabilities of different outcomes, calculating the expected value, and considering the potential risks and
rewards. This article aims to dissect this game comprehensively, providing insights into its fairness,
profitability, and strategic implications.

Understanding the Game Structure

At its core, the game involves rolling a single standard six-sided die. The rules are straightforward:

- If the die lands on 2 or 6, the player wins $1.
- If the die lands on any other number (1, 3, 4, 5), the player loses $2.

This setup creates a simple probability model that can be analyzed mathematically to determine whether
the game favors the player or the house.

Probabilities of Outcomes

Since a standard die has six faces, each with an equal likelihood:

- Probability of rolling a 2: 1/6
- Probability of rolling a 6: 1/6
- Probability of rolling any other number: 4/6 = 2/3

Thus, the probabilities are:

| Outcome | Probability | Payout |
|-------------------|--------------|----------|
| Roll a 2 | 1/6 | +$1 |
| Roll a 6 | 1/6 | +$1 |
| Roll any other | 4/6 | -$2 |

Calculating the Expected Value

Expected value (EV) is a crucial concept in game theory and gambling, representing the average amount a



player can expect to win or lose per play over the long term.

The formula for expected value:

\[
EV = \sum ( \text{Probability of outcome} \times \text{Payout of outcome} )
\]

Applying the values:

\[
EV = \left( \frac{1}{6} \times \$1 \right) + \left( \frac{1}{6} \times \$1 \right) + \left( \frac{4}{6} \times (-
\$2) \right)
\]

Calculations:

- First outcome (rolling a 2): \(\frac{1}{6} \times 1 = \frac{1}{6}\)
- Second outcome (rolling a 6): \(\frac{1}{6} \times 1 = \frac{1}{6}\)
- Remaining outcomes: \(\frac{4}{6} \times (-2) = -\frac{8}{6} = -\frac{4}{3}\)

Adding these:

\[
EV = \frac{1}{6} + \frac{1}{6} - \frac{4}{3} = \frac{2}{6} - \frac{4}{3} = \frac{1}{3} - \frac{4}{3} = -
\frac{3}{3} = -1
\]

Conclusion: The expected value per game is -$1.

This means, on average, a player would lose $1 each time they play this game over the long run.

Implications of the Expected Value

Understanding that the game has an expected loss of $1 per round has several implications:

- House Advantage: The casino has a built-in advantage, ensuring profitability over many rounds.
- Player's Perspective: From a purely mathematical standpoint, the game is unfavorable to the player in the
long term.
- Game Fairness: The game is not fair — it favors the house with a negative expected value for the player.



Risk and Variance Analysis

While the expected value provides an average, individual results can vary significantly due to variance.
Let’s explore the possible outcomes:

| Outcome | Payout | Probability | Expected contribution |
|-------------------|----------|--------------|----------------------|
| Win (roll a 2 or 6) | +$1 | 2/6 | \(\frac{2}{6} \times 1 = \frac{1}{3}\) |
| Lose (roll others) | -$2 | 4/6 | \(\frac{4}{6} \times (-2) = -\frac{8}{6} = -\frac{4}{3}\) |

The variance, which measures the spread of possible outcomes, can be computed to understand the risk
involved.

Variance formula:

\[
\sigma^2 = \sum p_i \times (x_i - EV)^2
\]

Calculations:

- For wins (\(+1\)):

\[
p = \frac{2}{6} = \frac{1}{3}, \quad x = 1
\]

\[
(x - EV) = 1 - (-1) = 2
\]

\[
p \times (x - EV)^2 = \frac{1}{3} \times 4 = \frac{4}{3}
\]

- For losses (\(-2\)):

\[
p = \frac{4}{6} = \frac{2}{3}, \quad x = -2
\]

\[
(x - EV) = -2 - (-1) = -1



\]

\[
p \times (x - EV)^2 = \frac{2}{3} \times 1 = \frac{2}{3}
\]

Summing:

\[
\sigma^2 = \frac{4}{3} + \frac{2}{3} = 2
\]

Standard deviation:

\[
\sigma = \sqrt{2} \approx 1.414
\]

This indicates high variability: while the average loss is $1, individual results can fluctuate, with potential
gains of $1 or losses of $2 with significant likelihood.

Pros and Cons of the Game

Understanding the advantages and disadvantages helps players evaluate whether to participate.

Pros

- Simplicity: Easy to understand rules and outcomes.
- Potential for Small Wins: Winning $1 is a modest but immediate reward.
- Short-Term Variability: Some players enjoy the thrill of potential small wins.

Cons

- Negative Expected Value: Long-term, players will lose money on average.
- High Variance: Results can swing considerably, leading to unpredictable short-term outcomes.
- House Edge: The game is designed with an advantage for the casino.
- Risk of Larger Losses: Losing $2 on most outcomes can quickly deplete bankrolls if played repeatedly.



Strategies and Considerations

While the game favors the house mathematically, players might consider strategies to mitigate losses or
improve their experience.

Bankroll Management

- Set a fixed budget for playing.
- Avoid chasing losses, which can lead to bigger financial problems.

Game Selection

- Recognize that this game has a negative expected value.
- Seek other games with a positive or neutral expected value if profit is the goal.

Psychological Factors

- Understand the role of luck and randomness.
- Enjoy the game as entertainment rather than a source of income.

Alternative Approaches and Variations

Adjustments to the game rules can alter the expected value:

- Changing Payouts: Increasing the reward for rolling a 2 or 6 can improve the player's expected value.
- Adjusting Losses: Reducing the penalty for other outcomes makes the game more favorable.
- Multiple Dice: Using more dice introduces complex probability distributions, which can be engineered to
favor the player or house.

Conclusion

The game where you win $1 if you roll a 2 or 6 and lose $2 otherwise exemplifies the importance of
probability and expected value in gambling. With an expected loss of $1 per play, it is unfavorable for



players seeking profit but might still appeal to those chasing entertainment and short-term excitement. The
high variance underscores the unpredictable nature of such games. Ultimately, understanding the
mathematical underpinnings helps players make informed decisions, emphasizing the importance of
responsible gambling and appreciating the game as a form of entertainment rather than an assured way to
earn money.
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