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Introduction
If The Assumption For Using The Chi-square Statistic That Specifies The
Number Of Frequencies In Each is not met, the validity of the chi-square test
results can be compromised. The chi-square test is a widely used statistical
method for examining the association between categorical variables or testing
the goodness-of-fit of observed data to an expected distribution. However,
its proper application hinges on certain fundamental assumptions, one of
which pertains to the expected frequencies in each cell of the contingency
table or frequency distribution. Understanding these assumptions, their
importance, and the consequences of violations is crucial for researchers and
statisticians to draw accurate and reliable conclusions from their data.

Understanding the Chi-square Test and Its
Assumptions

The Purpose of the Chi-square Test
The chi-square test assesses whether the observed frequencies in categories
differ significantly from the expected frequencies under a specific
hypothesis. It is primarily used in two contexts:

Test of Independence: Determines whether two categorical variables are
associated.

Goodness-of-Fit Test: Checks if an observed distribution matches a
theoretical or expected distribution.

Core Assumptions of the Chi-square Test
For the chi-square test to produce valid results, certain assumptions must be
satisfied:

The data are obtained from a random sample.1.

The categories are mutually exclusive and collectively exhaustive.2.



The expected frequencies in each cell are sufficiently large (commonly3.
at least 5).

Particularly, the third assumption regarding expected frequencies is
critical. It ensures that the chi-square approximation to the distribution of
the test statistic remains accurate.

The Assumption: Expected Frequencies in Each
Cell

What Does the Assumption Entail?
The assumption that specifies the number of frequencies in each cell refers
to the requirement that, under the null hypothesis, the expected frequency
(not the observed frequency) in each cell of a contingency table or frequency
distribution should be sufficiently large—typically at least 5. This
condition ensures that the chi-square distribution adequately approximates
the sampling distribution of the test statistic.

Why Is This Assumption Important?

Accuracy of Approximation: The chi-square distribution is an asymptotic
result, meaning it becomes a good approximation as the sample size grows
large. Small expected frequencies can lead to a poor approximation.

Validity of P-Values: The p-values derived from the chi-square
distribution rely on this assumption. Violations can lead to inflated
Type I or Type II errors.

Reliable Conclusions: Ensuring each cell has a sufficiently large
expected frequency helps maintain the integrity of the inferential
process.

How Are Expected Frequencies Calculated?
Expected frequencies are computed based on the marginal totals of the data
and the null hypothesis. For a contingency table, the expected frequency for
each cell is calculated as:

Expected frequency = (Row total × Column total) / Grand total

This calculation provides the frequency we would expect in each cell if the
null hypothesis were true (e.g., independence between variables). The
assumption requires that these expected values are at least 5 in each cell.



Implications of Violating the Expected
Frequency Assumption

Consequences of Small Expected Frequencies
If the expected frequencies are less than 5 in more than a few cells, the
chi-square test's approximation may be invalid. The consequences include:

Inflated Type I Error Rate: Increased likelihood of incorrectly
rejecting the null hypothesis when it is true.

Reduced Power: Decreased ability to detect actual associations or
differences.

Misleading Results: Overall, the test may produce unreliable p-values
and conclusions.

Common Scenarios Leading to Violations
Several typical situations can cause violations of this assumption:

Small sample sizes leading to low expected counts in some cells.1.

High-dimensional contingency tables with many categories relative to the2.
sample size.

Sparse data where certain combinations of categories are rare or absent.3.

Detecting Violations
Before performing a chi-square test, researchers should examine the expected
frequencies:

Calculate expected counts for each cell.

Identify cells with expected counts less than 5.

Determine if violations are widespread or limited to a few cells.

Addressing Violations
When the assumption is violated, several strategies can be employed:



Combine Categories: Merge adjacent categories to increase cell counts.1.

Use Exact Tests: Apply Fisher's Exact Test or other exact methods2.
suitable for small samples.

Use Alternative Models: Consider logistic regression or other methods3.
that do not depend on expected frequencies.

Alternatives to Chi-square When Assumption Is
Violated

Fisher’s Exact Test
Fisher’s Exact Test is a non-parametric test suitable for small sample sizes
or tables with low expected counts. It computes the exact probability of
observing the data under the null hypothesis, thus not relying on the chi-
square approximation.

Likelihood Ratio Tests
Likelihood ratio tests compare models based on likelihoods and can sometimes
be more robust in small samples.

Monte Carlo Simulation
Simulating the distribution of the test statistic under the null hypothesis
allows for more accurate p-value estimation when assumptions are violated.

Data Collapsing or Category Merging
Combining categories reduces the number of cells and can help meet the
expected frequency threshold.

Practical Guidelines for Researchers

Pre-Analysis Checklist

Ensure the sample is randomly selected.

Construct the contingency table carefully, verifying mutual exclusivity
and exhaustiveness of categories.



Calculate expected frequencies for each cell before proceeding.

Interpreting Results When Assumptions Are Met
If all expected frequencies are at least 5, the chi-square test results are
generally considered reliable. Researchers should interpret the p-value
within the context of their study and consider effect sizes for a
comprehensive understanding.

Interpreting Results When Assumptions Are Violated
If expected frequencies are too low, reliance on the chi-square p-value alone
may be misleading. Alternative methods or data adjustments should be
employed, and results should be interpreted with caution.

Conclusion
The assumption that specifies the number of frequencies in each cell,
primarily that expected counts should be at least 5, is fundamental to the
proper application of the chi-square statistic. Violations of this assumption
can undermine the validity of the test, leading to inaccurate conclusions.
Researchers must carefully check this assumption before applying the chi-
square test and be prepared to adopt alternative methods when necessary. By
adhering to these guidelines, statisticians and researchers can ensure their
analyses are robust, reliable, and meaningful, ultimately leading to valid
interpretations of categorical data.

Frequently Asked Questions

What is the assumption regarding the expected
frequencies in each category when using the Chi-
square test?
The assumption is that each expected frequency should be sufficiently large,
typically at least 5, to ensure the validity of the Chi-square approximation.

Why is it important that the number of observed and
expected frequencies in each category are specified
in the Chi-square test?
Specifying the number of frequencies ensures that the test accurately
compares observed data to expected data, maintaining the test's validity and
reliability.



How does the assumption about the number of
frequencies influence the degrees of freedom in the
Chi-square test?
The number of frequencies determines the degrees of freedom, usually
calculated as the number of categories minus one, which affects the critical
value and the test's outcome.

What are the consequences of violating the
assumption about the number of frequencies in the
Chi-square test?
Violating this assumption, such as having too few expected frequencies, can
lead to inaccurate p-values and potentially invalid conclusions from the
test.

Can the Chi-square statistic be used if the expected
frequencies in some categories are less than 5?
It is generally not recommended; in such cases, alternative methods like
Fisher's Exact Test should be considered to obtain more accurate results.

Additional Resources
If The Assumption For Using The Chi-square Statistic That Specifies The
Number Of Frequencies In Each

Understanding the foundations of statistical tests is crucial for
researchers, data analysts, and students alike. Among these, the Chi-square
test stands out as a versatile tool for examining relationships between
categorical variables. However, its proper application hinges on certain
assumptions, one of which pertains to the expected frequencies within each
category or cell of a contingency table. Misinterpretation or neglect of this
assumption can lead to incorrect conclusions, undermining the integrity of
research findings. This article delves into the core of this
assumption—specifically, the stipulation that the expected number of
frequencies in each cell must meet certain criteria—and explores its
implications, applications, and best practices for use.

Understanding the Chi-square Statistic: A
Primer

Before addressing the assumption itself, it’s essential to grasp what the
Chi-square statistic measures and how it functions within statistical



analysis.

The Purpose of the Chi-square Test

The Chi-square test evaluates whether there is a significant association
between two categorical variables—think of variables like gender and
preference for a product, or education level and voting behavior.
Essentially, it tests the null hypothesis that the variables are
independent—that is, the distribution of one variable is unaffected by the
other.

The Structure of a Contingency Table

Data for Chi-square tests are typically organized into a contingency table,
which displays the frequency counts of observations across categories. For
example:

| | Preference A | Preference B | Preference C | Total |
|--------------|----------------|----------------|----------------|--------|
| Group 1 | 30 | 20 | 10 | 60 |
| Group 2 | 25 | 25 | 10 | 60 |
| Total | 55 | 45 | 20 | 120 |

The table shows observed frequencies (O) for each cell. The test compares
these observed counts to expected counts (E), which are calculated under the
assumption of independence.

The Assumption About Expected Frequencies

The core assumption in the Chi-square test relates to the expected
frequencies in each cell of the contingency table.

What Are Expected Frequencies?

Expected frequencies are the counts that would be anticipated if the null
hypothesis—independence between variables—is true. They are computed based on
marginal totals:

E = (Row Total × Column Total) / Grand Total

Using the previous example, the expected frequency for Group 1 and Preference
A would be:



E = (60 × 55) / 120 = 27.5

Similarly, expected frequencies are calculated for every cell.

The Critical Assumption: Minimum Expected Frequency

Most standards for the Chi-square test specify that:

- Each expected frequency should be at least 5 (some sources say 1 for larger
tables, but 5 is more conservative).

This threshold ensures that the Chi-square distribution approximates the true
distribution of the test statistic under the null hypothesis.

Why Is This Assumption Important?

The Chi-square test relies on the approximation of the distribution of the
test statistic by the Chi-square distribution. When expected frequencies are
too low, this approximation becomes inaccurate, which can inflate the Type I
error rate—meaning you might wrongly conclude there is a significant
association when there isn’t one.

Implications of Violating the Expected
Frequency Assumption

Understanding what happens when the assumption isn’t met helps practitioners
decide on alternative strategies.

The Problem with Small Expected Frequencies

When expected counts fall below 5, the Chi-square approximation to the true
distribution deteriorates, leading to:

- Inflated Type I errors: increased likelihood of false positives.
- Reduced power: decreased ability to detect true associations.
- Unreliable p-values: the significance tests become questionable.

This issue is especially pronounced in tables with many cells or small sample
sizes.



Example Scenario

Suppose a researcher examines the relationship between a rare disease and
exposure status, resulting in a small contingency table with some cells
expected to have counts less than 5. Applying the standard Chi-square test in
such a scenario would violate the assumption and could lead to misleading
results.

Strategies for Addressing Low Expected
Frequencies

When the assumption about minimum expected counts isn’t met, researchers have
several options to ensure valid inference.

1. Combining Categories

One straightforward approach is to merge categories to increase expected
frequencies.

- Pros: Simple, increases cell counts.
- Cons: May obscure meaningful distinctions or reduce granularity.

Example: Combining several age groups into broader categories.

2. Using Exact Tests

For small sample sizes or tables with low expected frequencies, the Fisher’s
Exact Test provides an exact p-value without relying on large-sample
approximations.

- Applicability: Particularly suitable for 2x2 tables.
- Limitations: Computationally intensive for larger tables.

3. Applying Alternative Tests

Other tests that do not rely on the same assumptions include:

- Likelihood Ratio Test: Often more reliable with small expected counts.
- Monte Carlo Simulations: Generate empirical p-values based on repeated
sampling.
- Permutation Tests: Randomly permute data to assess significance.



4. Increasing Sample Size

Collecting more data can naturally elevate expected cell counts, aligning
with the assumption.

Best Practices for Applying the Chi-square Test

To ensure the validity of your analysis, consider these guidelines:

- Calculate Expected Frequencies First: Always compute expected counts before
conducting the test.
- Check the Minimum Expected Count: Ensure all are at least 5; if not,
consider alternatives.
- Use Software with Caution: Many statistical packages automatically flag low
expected counts but verify manually.
- Report Your Approach Transparently: Clearly state how you handled low
expected counts—whether by combining categories, using exact tests, or other
methods.
- Interpret Results Carefully: Recognize that violations of assumptions can
compromise the test’s reliability.

Conclusion: Navigating the Assumption for
Reliable Results

The assumption that each cell in a contingency table should have an expected
frequency of at least 5 is fundamental to the proper application of the Chi-
square test. It ensures that the approximation to the Chi-square distribution
remains valid, allowing researchers to draw accurate conclusions about
associations between categorical variables. Violating this assumption without
appropriate adjustments can lead to misleading results, so understanding and
addressing small expected counts is essential.

In practice, this means carefully examining your data before analysis,
considering category combination, opting for exact or alternative tests when
necessary, and transparently documenting your methodology. By respecting this
key assumption, researchers safeguard the integrity of their findings,
contributing to more robust and trustworthy scientific knowledge.

Ultimately, mastery of these principles enhances the utility of the Chi-
square test, making it a powerful and reliable tool in the statistician’s
arsenal for exploring the relationships within categorical data.
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