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Introduction to Chi-square Tests and Contingency
Tables

Understanding the Chi-square Test

The Chi-square (y?) test is a non-parametric statistical method used to assess whether there is a
significant association between two categorical variables. It compares observed frequencies in a
contingency table to the expected frequencies that would occur if the variables were independent.
When the observed data significantly deviate from the expected data, it suggests a relationship
between the variables.

What Is a Contingency Table?

A contingency table, also known as a cross-tabulation, displays the frequency distribution of
variables. In a 5x5 contingency table, there are five categories for each of the two variables,
resulting in 25 cells. This setup allows researchers to examine the relationship or independence
between two categorical variables with multiple levels.

The Significance of the Critical Value in Chi-square
Tests

Definition of Critical Value

The critical value in a chi-square test is a threshold that determines whether the observed data are
sufficiently different from the expected data to reject the null hypothesis of independence. If the
calculated chi-square statistic exceeds this value, the null hypothesis is rejected; otherwise, it is
retained.

Factors Affecting the Critical Value

The critical value depends on:

- The significance level (a), usually set at 0.05

- The degrees of freedom (df), determined by the table's dimensions
- The specific statistical distribution used (chi-square distribution)



Understanding the 5x5 Contingency Table and Its
Degrees of Freedom

Calculating Degrees of Freedom
For a contingency table, degrees of freedom are calculated as:

- df = (number of rows - 1) (number of columns - 1)

In a 5x5 table:
-df=05B-1)5B-1)=44=16

Implication of Degrees of Freedom

Higher degrees of freedom usually mean a broader distribution, which affects the critical value. At
df = 16 and a = 0.05, the critical value is given as 37.65, indicating the threshold chi-square statistic
for significance at this level.

Significance Level and Its Role

Understanding Alpha («a)

The significance level («) represents the probability of rejecting the null hypothesis when it is
actually true (Type I error). A common choice is a = 0.05, corresponding to a 5% risk of false
positive results.

Implications of a = 0.05

Using a = 0.05 means that if the calculated chi-square statistic exceeds 37.65, there is less than a
5% chance that such a deviation would occur if the variables are truly independent, leading to the
rejection of the null hypothesis.

Interpreting the Critical Value of 37.65

Context of the Critical Value

The value 37.65 is specific to a 5x5 contingency table at « = 0.05 with 16 degrees of freedom. It
serves as the cut-off point: any calculated chi-square statistic above this value indicates significant
association.



Practical Example

Suppose a researcher conducts a study involving two categorical variables with 5 categories each.
After collecting data, they compute a chi-square statistic of 40. Since 40 > 37.65, the researcher
concludes there is a statistically significant relationship between the variables at the 0.05
significance level.

Steps to Conduct a Chi-square Test in a 5x5 Table

1. Organize the Data

- Create a 5x5 contingency table
- Record observed frequencies in each cell

2. Calculate Expected Frequencies

Expected frequency for each cell is:
- E = (Row total Column total) / Grand total

3. Compute the Chi-square Statistic

- Use the formula:
¥ =2[(0-E)?/E]
- Sum over all 25 cells

4. Determine the Degrees of Freedom
- For a 5x5 table, df = 16

5. Compare with Critical Value

- If y2 > 37.65, reject the null hypothesis
- Otherwise, do not reject

Implications of the Critical Value and Statistical
Significance

When the Null Hypothesis Is Rejected

- Indicates a statistically significant association between the two categorical variables
- Suggests that the observed distribution is unlikely under independence



When the Null Hypothesis Is Not Rejected

- No sufficient evidence to claim an association
- Variables are likely independent in the population

Limitations and Considerations

Sample Size and Expected Frequencies

- Expected frequencies should generally be at least 5 for the chi-square test to be valid
- Small expected counts can lead to inaccurate results

Alternative Tests

- For small sample sizes or when assumptions are violated, consider Fisher’s Exact Test or other
methods

Multiple Testing and Corrections

- Conducting multiple chi-square tests increases the chance of Type I errors
- Adjust significance levels accordingly (e.g., Bonferroni correction)

Conclusion

Understanding the critical value of 37.65 in the context of a chi-square test for a 5x5 contingency
table at a = 0.05 is essential for correctly interpreting the statistical significance of observed
associations. This threshold, determined by degrees of freedom and the significance level, guides
researchers in making informed decisions about the independence of categorical variables. Proper
application involves careful calculation of expected frequencies, chi-square statistics, and
comparison with the critical value. Recognizing the limitations and ensuring assumptions are met
are key to drawing valid conclusions from the test. Ultimately, the chi-square test remains a
fundamental tool in categorical data analysis, helping to uncover relationships that inform scientific,
social, and business insights.

Frequently Asked Questions

What does the critical value of 37.65 indicate in a chi-square
test for a 5x5 contingency table at a = 0.05?

The critical value of 37.65 is the threshold chi-square statistic; if the calculated chi-square exceeds
this value, the null hypothesis is rejected, indicating a significant association between variables at



the 0.05 significance level.

How do you interpret the chi-square test result when the
calculated value is less than 37.65 in a 5x5 contingency table?

If the calculated chi-square statistic is less than 37.65, there is not enough evidence to reject the
null hypothesis, suggesting no significant association between the variables at the 0.05 significance
level.

Why is the critical value of 37.65 specific to a 5x5 contingency
table at a = 0.05?

The critical value depends on the degrees of freedom (df) for the test, which for a 5x5 table is 16;
37.65 is the chi-square value at df=16 and «=0.05, representing the cutoff for statistical
significance.

How do degrees of freedom influence the critical value in a
chi-square test for a contingency table?

Degrees of freedom determine the shape of the chi-square distribution; higher df typically lead to
higher critical values, affecting the threshold for significance, as seen with 16 df in a 5x5 table
resulting in a critical value of 37.65.

What steps should be taken if the chi-square statistic in a 5x5
contingency table exceeds 37.65?

If the calculated chi-square exceeds 37.65, you should reject the null hypothesis, indicating a
significant association between the variables, and consider further analysis to understand the nature
of this relationship.

Additional Resources
Chi-Square Test

In the realm of statistical analysis, the Chi-square test stands as one of the most fundamental tools
for examining relationships between categorical variables. Its applications span across various
disciplines—from social sciences and marketing to biology and healthcare—making it indispensable
for researchers seeking to understand whether observed data significantly deviates from what we
would expect under a specific hypothesis. Today, we delve into a specific scenario: conducting a Chi-
square test on a 5x5 contingency table at an alpha level of 0.05, where the critical value is given as
37.65. This detailed exploration aims to clarify what this critical value signifies, how it's derived, and
how it informs decision-making in statistical hypothesis testing.



Understanding the Foundations of the Chi-Square Test

What Is a Chi-Square Test?

The Chi-square (y?) test is a non-parametric statistical method used to assess whether there is a
significant association between categorical variables or whether the observed frequencies in a
contingency table differ from expected frequencies. Unlike parametric tests, it doesn't assume a
normal distribution, making it suitable for categorical data analysis.

In essence, the Chi-square test compares observed counts in each cell of a contingency table to the
counts we would expect if the variables were independent (i.e., not related). If the difference
between observed and expected frequencies is sufficiently large, we conclude that an association
exists; otherwise, the variables are likely independent.

Types of Chi-Square Tests

- Test of Independence: Examines whether two categorical variables are associated in a population.
- Test of Goodness-of-Fit: Checks whether a sample distribution fits a specified theoretical
distribution.

In our scenario involving a 5x5 contingency table, we are dealing with the test of independence,
which assesses whether the row and column variables are related.

Deciphering the 5x5 Contingency Table

What Does a 5x5 Table Represent?

A 5x5 contingency table contains 25 cells, each representing the frequency count of occurrences for
combinations of two categorical variables, each with five categories. For example, in a marketing
context, rows could represent different age groups (e.g., 18-25, 26-35, 36-45, 46-55, 56+), while
columns might denote preferred product types or brands.

Key features include:
- Row totals: the sum of counts for each row.

- Column totals: the sum of counts for each column.
- Grand total: the total number of observations across all cells.



Why a 5x5 Table?

A 5x5 table offers a nuanced view of relationships, allowing
the examination of complex interactions between multiple
categories. It demands a more sophisticated analysis due to its
larger degrees of freedom, which influences the critical values
used to determine significance.

Statistical Hypotheses and Significance Level

Null and Alternative Hypotheses

- Null hypothesis (Ho): The two variables are independent; no
association exists.

- Alternative hypothesis (H1): The variables are associated;
they are not independent.

Significance Level (a = 0.05)

The significance level, denoted as alpha (a), indicates the
threshold for deciding whether observed differences are
statistically meaningful. At a = 0.05, there is a 5% risk of
rejecting Ho when it is actually true (Type I error). This level is
standard in many fields, balancing sensitivity and specificity.



The Critical Value: 37.65 in Context

What Is a Critical Value?

In Chi-square testing, the critical value is a cutoff point
derived from the Chi-square distribution table, corresponding
to the chosen significance level and degrees of freedom (df). If
the computed Chi-square statistic exceeds this critical value,
we reject the null hypothesis.

Understanding the Critical Value of 37.65

Given a 5x5 contingency table, the degrees of freedom are
calculated as:

\[

\text{df} = (r-1) \times(c-1)=(B-1)\times (5-1) =14
\times 4 = 16

\]

The critical value of 37.65 at a = 0.05 and 16 degrees of
freedom is obtained from the Chi-square distribution table.

This value signifies the threshold:

- If the computed Chi-square statistic = 37.65, then the null



hypothesis is rejected, suggesting a significant association.
- If the statistic < 37.65, then we fail to reject Ho, implying no
significant evidence of dependence.

Implications of the Critical Value

The critical value acts as a decision rule. It encapsulates the
cumulative probability of observing a Chi-square value as
extreme as or more extreme than 37.65 under the assumption
that the null hypothesis is true.

Calculating and Interpreting the Chi-Square Statistic

Step-by-Step Calculation

1. Determine Expected Frequencies:
For each cell, expected count = (row total x column total) /
grand total.

2. Compute the Chi-Square Statistic:

\[

\chi”~2 = \sum_{i=1}"{r} \sum_{j=1}"{c} \frac{(O _{ij} -
E_{ij})"2HE_{ij}}

\]

Where:



- \(O_{ij}\) = observed frequency in cell (i,j)
- \(E_{ij}\)) = expected frequency in cell (i,j)

3. Compare with Critical Value:
If \(\chi™2\) = 37.65, reject Ho; otherwise, do not reject.

Interpreting the Results

- Significant Result (Chi-square = 37.65):

Indicates that the observed distribution significantly differs
from what we'd expect if the variables were independent,
implying an association.

- Non-significant Result (Chi-square < 37.65):
Suggests that any observed differences could be due to
chance, and there’s not enough evidence to claim a
relationship.

Practical Considerations in Using the Critical Value

Sample Size and Power

The power of the Chi-square test depends on sample size;
larger samples tend to produce more reliable results. With
small expected counts (<5 in some cells), the test's validity



diminishes, and alternative methods like Fisher’s exact test
may be preferred.

Assumptions and Limitations

- Observations should be independent.

- Expected frequencies should generally be 5 or more in each
cell for the Chi-square approximation to hold.

- The test does not indicate the strength or direction of
association, only whether a relationship exists.

Applying the Critical Value in Practice

When analyzing your 5x5 contingency table, you will compute
the Chi-square statistic and compare it to 37.65:

- If your calculated \(\chi”2\) exceeds 37.65, you can
confidently state that there is statistically significant evidence
of association at the 0.05 level.

- If not, the data do not provide sufficient evidence to reject
the assumption of independence.

Conclusion: Making Data-Driven Decisions

The critical value of 37.65 for a Chi-square test on a 5x5



contingency table at a = 0.05 is a vital benchmark for
researchers and analysts. It embodies the threshold at which
observed differences are unlikely to be due to random
variation alone. By understanding how this value is derived,
how to perform the test, and how to interpret the results,
practitioners can make informed, statistically sound
conclusions about the relationships within their data.

In essence, this critical value encapsulates the balance
between sensitivity to true effects and avoidance of false
positives. Whether you're assessing consumer preferences,
genetic associations, or behavioral patterns, knowing and
correctly applying this benchmark ensures that your findings
stand on a solid statistical foundation—paving the way for
robust insights and trustworthy decisions.
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