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The chi-squared ( ) test is a fundamental statistical tool for categorical data, but it is

often insufficient on its own because it only indicates whether a significant relationship

exists, rather than measuring the strength or practical importance of that

relationship . While it determines if observed frequencies differ significantly from

expected ones, it is highly sensitive to sample size, requires specific data assumptions,

and does not provide information about the direction or nature of the

association.

Here is a detailed breakdown of why the chi-squared test is often considered

insufficient:

1. Measures Significance, Not Strength

No Effect Size: A chi-squared test can produce a highly significant p-value ( )

even when the relationship between variables is weak or practically trivial.

Need for Supplements: To understand the magnitude of the effect, chi-squared must

be followed by effect size measures, such as Cramér’s V or the contingency

coefficient.

Weak Correlation Metrics: Even when the chi-squared result is significant, Cramer's V

can produce relatively low correlation measures.

2. High Sensitivity to Sample Size

Large Samples: In very large samples, trivial differences between observed and

expected frequencies can produce highly significant results, leading to a false sense of

a meaningful association.

Small Samples: Conversely, in small samples, the test may lack the statistical power to

detect real, meaningful associations.

3. Strict Assumptions and Limitations

Expected Cell Frequency Rule: The test is inaccurate if expected frequencies in any

cell are too low (a common rule of thumb is that expected counts should be >5). When
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this is violated, exact tests (e.g., Fisher’s Exact Test) are required.

Independence: Observations must be independent. If a participant fits into more than

one category or if data is paired/matched, a standard chi-squared test is not

appropriate.

Categorical Data Only: It can only be used with frequency/count data, not

percentages, proportions, or continuous measurements.

4. Limited Insight into Complex Data

Complex Modeling: In scenarios like Goodness-of-Fit tests for Poisson models, chi-

squared may fail to distinguish between similar models, whereas more advanced

methods like likelihood ratio tests might be more effective.

Directionality: The test does not indicate the direction of the relationship, only that

one exists.

Multiple Comparisons: When conducting multiple chi-squared tests, the probability

of Type I errors (false positives) increases, requiring corrections like the Bonferroni

method.

5. Alternatives and Improvements

To address these limitations, researchers often use:

Fisher’s Exact Test: For small sample sizes (especially in 2x2 tables).

Cramér’s V / Phi Coefficient: To measure the strength of association.

Logistic Regression: For modeling the relationship between a categorical dependent

variable and one or more independent variables.

Standardized Residuals: To identify which specific cells contribute most to a

significant chi-squared result.
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