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When Martha received her 12-sided number cube as a gift, she was excited to start rolling
and exploring its potential. However, she also wondered whether the die was fair, meaning
each face has an equal chance of landing face-up. To determine this, Martha decided to
analyze the results of her first 10 rolls. This initial investigation is an important step in
understanding whether her die behaves as expected or if it might be biased. In this article,
we will explore how Martha can evaluate the fairness of her 12-sided die based on her first
10 rolls, including key statistical concepts and practical steps for analysis.

Understanding the Concept of Fairness in a 12-
Sided Number Cube

Before diving into the analysis, it's essential to understand what it means for a die to be fair
and why it matters.

What Is a Fair Die?

A fair die is one in which each face has an equal probability of landing face-up after a roll.
For a 12-sided die, this probability is 1/12, approximately 8.33%. If the die is fair, over many
rolls, each face should appear roughly the same number of times.

Why Testing Fairness Matters

Testing whether a die is fair has practical implications:
e Ensuring fairness in games of chance
e Understanding the reliability of the die for decision-making or gambling

¢ Detecting manufacturing defects or biases



Collecting Data: Recording the First 10 Rolls

Martha’s initial step involves carefully recording her outcomes for the first 10 rolls.

How to Record Results Effectively

To analyze her results accurately, Martha should:
e Number each roll from 1 to 10
o Write down the number shown on the die after each roll

* Keep the data organized in a table or chart for easy reference

Sample Data Recording Table
| Roll Number | Result |

Once she has recorded her results, Martha can proceed to analyze the data to see if it
suggests the die is fair or biased.

Analyzing the Results: Is the Die Fair?

The key to evaluating fairness involves comparing the observed outcomes with what we
would expect if the die were perfectly fair.

Calculating Frequencies of Each Face

Martha should count how many times each face appears in her 10 rolls.

e For example, if the number 7 appears 3 times, note that as its frequency



e Repeat for all numbers from 1 to 12

Sample Frequency Count Based on the Data

| Face Number | Frequency |

Note: These are sample results; actual counts will depend on Martha’s data.

Expected Frequencies for a Fair Die

Since each face has an equal probability of 1/12, over many rolls, each face should ideally
appear about:

1. Number of rolls / Number of faces = 10/ 12 = 0.83 times per face

2. Because the total number of rolls is small, exact equality is unlikely; variation can
occur naturally

Important: With only 10 rolls, the sample size is too small for definitive conclusions. Larger
numbers of rolls provide more reliable data.

Applying Statistical Methods to Test Fairness

To rigorously evaluate whether the die is fair based on her 10 rolls, Martha can use basic
statistical tools.



Using the Chi-Square Test for Goodness of Fit

The chi-square test compares the observed frequencies to the expected frequencies to see
if deviations are statistically significant.

Steps to Perform the Chi-Square Test

1. Calculate the expected frequency for each face: Expected = Total Rolls / Number
of Faces

2. For each face, compute (Observed - Expected)? / Expected
3. Sum all these values to get the chi-square statistic

4. Compare the chi-square statistic to a critical value from the chi-square distribution
table with the appropriate degrees of freedom (df = 11, since 12 faces - 1)

Note: With only 10 rolls, the degrees of freedom are limited, and the test might not be very
powerful. Nonetheless, it offers a starting point for analysis.

Interpreting the Results

- If the chi-square statistic is less than the critical value, the data does not significantly
deviate from what’s expected under fairness.
- If it exceeds the critical value, there may be evidence suggesting bias.

Remember: Small sample sizes can lead to misleading results. Martha should consider
rolling the die many more times to gather more data.

Extending the Investigation Beyond the First 10
Rolls

While analyzing the first 10 rolls is a good initial step, more data provides a clearer picture.

Why More Rolls Help

- Increases the accuracy of statistical tests
- Reduces the influence of random variation
- Helps identify consistent biases

Recommendations for Martha



e Keep rolling the die repeatedly, aiming for at least 50-100 rolls
e Record each outcome meticulously

e Repeat the statistical analysis to confirm initial findings

Additional Factors to Consider When Testing
Fairness

Martha should also be aware of other aspects that could influence her results.

Physical Inspection of the Die

- Check for visible defects or uneven edges
- Ensure the die is balanced and not weighted on one side

Environmental Conditions

- Conduct rolls on a flat, stable surface
- Use consistent force when rolling

Method of Rolling

- Roll the die in a way that minimizes bias (e.g., gentle, random tosses)

Conclusion: Is Martha’s 12-Sided Die Fair?

After recording her first 10 rolls and performing some basic analysis, Martha can form an
initial opinion on the fairness of her 12-sided number cube. While small sample sizes limit
definitive conclusions, patterns such as certain numbers appearing disproportionately often
may suggest bias. To increase confidence, Martha should continue rolling, recording data,
and performing statistical tests on larger datasets.

Ultimately, the fairness of her die depends on consistent results over many rolls and careful
inspection of its physical condition. If she finds significant deviations from expected
outcomes, she might consider replacing her die or investigating further for manufacturing
defects. Proper testing ensures that she can enjoy her games and activities with confidence
in her equipment’s fairness.

Remember: Patience and thorough analysis are key. The more data Martha gathers, the
more accurate her assessment of her 12-sided die’s fairness will be.



Frequently Asked Questions

What does it mean for Martha's 12-sided number cube
to be fair?

It means that each of the 12 sides has an equal chance of landing face up on any roll.

How can Martha determine if her 12-sided number cube
is fair after 10 rolls?

She can compare the observed frequency of each number to the expected frequency if the
die is fair, which is approximately 0.83 times per number in 10 rolls, and look for significant
deviations.

What statistical method can Martha use to test fairness
based on her first 10 rolls?

She can perform a chi-square goodness-of-fit test to see if the observed distribution
significantly differs from the expected uniform distribution.

Is 10 rolls enough data to conclusively determine if the
die is fair?

No, 10 rolls provide limited data; more rolls are generally needed for a reliable assessment
of fairness.

What would be a sign that the die might be biased after
10 rolls?

If certain numbers appear much more or less frequently than expected, it could suggest
bias, but small sample sizes make definitive conclusions difficult.

How should Martha interpret the results if some
numbers appear more often in her 10 rolls?

She should consider the possibility of bias but also recognize that with only 10 rolls, random
variation can cause uneven results.

What additional steps can Martha take to better
investigate the fairness of her die?

She can perform more rolls, record the results, and perform statistical tests to assess the
distribution more accurately.



How would increasing the number of rolls improve
Martha's investigation?

More data reduces random variation's impact, making it easier to detect any bias or
confirm fairness with greater confidence.

What are some real-world factors that could cause a 12-
sided die to be unfair?

Manufacturing imperfections, uneven weight distribution, or damage to the die could cause
certain sides to be more likely to land face up.

Additional Resources

Martha Wants To Investigate Whether Her 12-sided Number Cube Is Fair. In The First 10
Rolls Of The Number, Martha is embarking on a classic probability quest—determining
whether her die behaves as a fair die should. Whether she’s a seasoned statistician or a
curious hobbyist, understanding how to analyze the fairness of a die based on initial rolls is
a fundamental step in probability testing. This article will guide you through the process
step-by-step, covering the essentials of probability, data collection, analysis, and
interpretation. By the end, you'll have a comprehensive understanding of how to assess
whether her 12-sided number cube is fair, based on her first 10 rolls.

Understanding the Basics: What Does It Mean for a Die to Be Fair?

Before diving into the data, it’s crucial to clarify what “fairness” entails for a die. A fair 12-
sided die (also called a d12) is one where each side has an equal probability of landing
face-up on any roll. Since the die has 12 sides:

- Probability of each face = 1/12 = 8.33%

- Expected number of times each face appears in many rolls = total rolls x 1/12

In Martha’s case, she’s only rolled the die 10 times, which is a relatively small sample size.

This small sample limits the certainty of conclusions but still provides valuable initial
insights.

Step 1: Collecting and Organizing the Data

Martha’s first task is to record her outcomes meticulously. Suppose her 10 rolls are as
follows:

| Roll Number | Result |



From this data, she can tally the frequency of each face:

| Face | Frequency |

This tally provides the raw data needed for analysis.

Step 2: Visualizing the Data
Visual representations help in understanding the distribution of outcomes.

Bar Chart of Frequencies
A simple bar chart can compare how often each face appeared. For example:

- The face ‘7" appearing 3 times stands out.

- Several faces (4, 6, 8, 10, 11) did not appear at all in 10 rolls.
- The distribution appears uneven, but small sample size can cause such variability.

Expected Frequencies
If the die were perfectly fair, each face would appear approximately:

-10 rolls x 1/12 = 0.83 times

Of course, with such a small number of rolls, the expected counts are less than 1, so
variability is expected.



Step 3: Using Statistical Tests to Assess Fairness

The core of Martha’s investigation lies in statistical analysis. The most common method to
test fairness with categorical data like die faces is the Chi-Square Goodness-of-Fit Test.

What Is the Chi-Square Test?

It's a statistical hypothesis test that compares the observed frequencies to the expected
frequencies under the assumption that the die is fair.

- Null Hypothesis (Ho): The die is fair; each face has an equal chance.

- Alternative Hypothesis (H1): The die is not fair; at least one face does not follow the equal

probability distribution.

Calculating the Chi-Square Statistic
The formula is:

x? = 2 [(Oi - Ei)? / Ei]

Where:

- Oi = observed frequency for each face

- Ei = expected frequency for each face

Expected frequency Ei = total rolls x 1/12 = 10 x 1/12 = 0.83 for each face.

But since the expected counts are very low, standard chi-square tests with such small
expected counts are not ideal. In such cases, alternatives like Fisher’'s Exact Test or
combining categories are recommended. However, for illustration, we proceed with the chi-
square.

Example Calculation for Face ‘7’

-07=3

-E7»=0.83

Contribution to x2:

(3-0.83)2/0.83 =(2.17)2/0.83 = 4.71/0.83 = 5.68

Repeat for all faces, sum the values to find total x2.

Step 4: Interpreting the Results

Once x? is calculated, compare it to the critical value from the chi-square distribution table
with degrees of freedom:

- Degrees of Freedom (df) = number of categories-1=12-1=11
At a significance level of 0.05, the critical x? value for 11 df is approximately 19.68.

If the calculated x? is less than 19.68, we fail to reject the null hypothesis, meaning the data



does not provide enough evidence to conclude the die is unfair.
If it exceeds 19.68, then there is evidence suggesting the die may not be fair.

Given small sample size, results should be interpreted with caution.

Step 5: Recognizing Limitations and Next Steps
With only 10 rolls:

- The sample size is too small for definitive conclusions.
- Random variability can produce skewed results.
- A larger number of rolls (e.g., 50, 100) will provide more reliable data.

Next steps:

- Continue rolling the die to accumulate more data.

- Use statistical software for precise calculations.

- Consider combining categories if some faces are rare or absent.

- Test for biases in specific faces if certain outcomes are more frequent than expected.

Additional Considerations

Bias Detection
If Martha notices certain faces appear disproportionately often, it may indicate a bias. For
example:

- Repeated appearance of ‘7’ could suggest the die favors that number.
- Absence of certain faces (like ‘4’) over many rolls could also be suspicious.

Practical Tests

- Repeat the test over many more rolls.

- Check for physical imperfections—are any sides uneven or damaged?
- Consider rolling the die in different conditions to see if results vary.

Final Thoughts: Is Martha’s Die Fair?

While her initial 10 rolls provide an initial snapshot, they are insufficient for a conclusive
assessment. Small sample sizes are susceptible to randomness, and apparent biases may
simply be chance.

Summary:

- Collect and organize data carefully.
- Visualize the distribution.



- Use statistical tests cautiously, considering sample size limitations.
- Continue testing with more rolls for more reliable conclusions.
- Investigate physical factors that could cause bias.

By following these steps, Martha can systematically evaluate whether her 12-sided number
cube is fair. Whether she’s rolling for fun, gaming, or statistical curiosity, patience and
rigorous analysis are key to uncovering the truth behind her die’s behavior.

Martha Wants To Investigate Whether Her 12 Sided Number
Cube Is Fair In The First 10 Rolls Of The Number

Martha Wants To Investigate Whether Her 12 Sided Number Cube Is Fair In The First 10 Rolls Of
The Number

Related Articles

¢ Quantity Of Output Supplied That Is Exactly Equal To The Quantity Demanded At The
Equilibrium PriceChoose
e Sales Mix And Break-even Analysis Heyden Company Has Fixed Costs Of $ 2,063,580 . The

Unit Selling Price,
e Mr. Rogers Is Designing The Layout For A New Floor Of His Office. His New Layout Will Have
8 Workstations

Back to Home


https://sip.evo9x.com/ma38/martha-wants-to-investigate-whether-her-12-sided-number-cube-is-fair-in-the-first-10-rolls-of-the-number.pdf
https://sip.evo9x.com/ma38/martha-wants-to-investigate-whether-her-12-sided-number-cube-is-fair-in-the-first-10-rolls-of-the-number.pdf
https://sip.evo9x.com/ma38/quantity-of-output-supplied-that-is-exactly-equal-to-the-quantity-demanded-at-the-equilibrium-pricechoose.pdf
https://sip.evo9x.com/ma38/quantity-of-output-supplied-that-is-exactly-equal-to-the-quantity-demanded-at-the-equilibrium-pricechoose.pdf
https://sip.evo9x.com/ma38/sales-mix-and-break-even-analysis-heyden-company-has-fixed-costs-of-2-063-580-the-unit-selling-price.pdf
https://sip.evo9x.com/ma38/sales-mix-and-break-even-analysis-heyden-company-has-fixed-costs-of-2-063-580-the-unit-selling-price.pdf
https://sip.evo9x.com/ma38/mr-rogers-is-designing-the-layout-for-a-new-floor-of-his-office-his-new-layout-will-have-8-workstations.pdf
https://sip.evo9x.com/ma38/mr-rogers-is-designing-the-layout-for-a-new-floor-of-his-office-his-new-layout-will-have-8-workstations.pdf
https://sip.evo9x.com

