
chi squared test explained
The Chi Squared Test Explained: A Comprehensive Guide to Understanding This Powerful Statistical
Tool

chi squared test explained in simple terms is a statistical hypothesis test that determines whether
there is a significant association between two categorical variables. It's a cornerstone of inferential
statistics, enabling researchers and data analysts to draw meaningful conclusions from observed
frequencies compared to expected frequencies. This powerful tool helps us understand if observed
patterns in data are likely due to random chance or if they represent a genuine relationship.
Whether you're analyzing survey results, medical outcomes, or marketing campaign performance,
grasping the chi-squared test will significantly enhance your data interpretation capabilities. This
article will delve into its core concepts, outline its different types, guide you through the calculation
process, and discuss its applications and limitations.
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What is a Chi Squared Test?

The chi-squared (χ²) test is a non-parametric statistical test used to analyze categorical data. It is
particularly useful when you want to determine if there is a significant difference between an
observed frequency distribution and an expected frequency distribution. In essence, it quantizes the
difference between what you see in your data and what you would expect to see if there were no
relationship between the variables under consideration. This test is widely applicable across various
fields, from social sciences to biology, providing a robust method for hypothesis testing when
dealing with counts or proportions.

At its heart, the chi-squared test addresses the question of whether observed differences in



proportions or frequencies are statistically significant or merely the result of random variation. It
achieves this by calculating a statistic that measures the discrepancy between the observed counts
in your data and the counts you would expect under a null hypothesis of no association or no
difference. Understanding this fundamental concept is crucial for applying the test correctly and
interpreting its outcomes with confidence.

The Underlying Principle: Observed vs. Expected
Frequencies

The core principle driving the chi-squared test is the comparison between observed frequencies and
expected frequencies. Observed frequencies are the actual counts you collect in your sample data.
For example, if you survey 100 people and find 60 prefer brand A and 40 prefer brand B, these are
your observed frequencies.

Expected frequencies, on the other hand, represent the counts you would anticipate if a specific null
hypothesis were true. This null hypothesis often posits that there is no relationship between the
variables being studied. For instance, if you hypothesize that brand preference is evenly split
(50/50), your expected frequencies for 100 people would be 50 for brand A and 50 for brand B. The
chi-squared test quantifies how much the observed frequencies deviate from these expected
frequencies.

The greater the difference between the observed and expected frequencies, the larger the chi-
squared statistic will be. This larger statistic, in turn, suggests that the observed differences are less
likely to be due to random chance and more likely to indicate a genuine relationship or effect.

Types of Chi Squared Tests

There are several variations of the chi-squared test, each designed for specific research questions
and data structures. The most common types are the goodness-of-fit test and the test for
independence (and its close cousin, the test for homogeneity).

Chi Squared Goodness-of-Fit Test

The chi-squared goodness-of-fit test is used to determine whether a sample distribution matches a
known or hypothesized population distribution. It's applied when you have one categorical variable
and you want to see if the observed proportions in your sample align with expected proportions
derived from a theory or a known distribution.

For example, if a company claims its product comes in five colors with equal probability, a goodness-
of-fit test can be used to see if the observed counts of each color sold in a sample of sales data match
this expected equal distribution. If the observed counts significantly deviate from the expected equal
counts, you would reject the hypothesis that the colors are equally probable.



Chi Squared Test for Independence

The chi-squared test for independence is the most frequently encountered type. It is used to
determine whether there is a statistically significant association between two categorical variables
in a single population. This test helps ascertain if the two variables are independent of each other.

Consider a study investigating whether there is a relationship between smoking status (smoker/non-
smoker) and the incidence of lung cancer (yes/no). A chi-squared test for independence would
analyze a contingency table of these two variables to see if smoking is independent of developing
lung cancer or if there is a significant association.

Chi Squared Test for Homogeneity

The chi-squared test for homogeneity is used to compare the distribution of a categorical variable
across two or more distinct populations. It addresses whether the proportions of a certain
characteristic are the same across different groups. While mathematically similar to the test for
independence, the research question and study design are different.

For instance, if you want to compare the preference for a new smartphone feature (like/dislike)
between users in three different age groups (e.g., Gen Z, Millennials, Gen X), you would use a test
for homogeneity. You are checking if the preference distribution for the feature is homogeneous
across these age demographics.

How to Perform a Chi Squared Test

Performing a chi-squared test involves a systematic, step-by-step process. While statistical software
automates these calculations, understanding the underlying steps is crucial for interpretation.

Step 1: Formulate the Hypotheses

Every statistical test begins with defining the null hypothesis (H₀) and the alternative hypothesis
(H₁). For a chi-squared test:

The null hypothesis (H₀) typically states that there is no association between the categorical
variables (for independence/homogeneity) or that the observed distribution matches the
expected distribution (for goodness-of-fit).

The alternative hypothesis (H₁) states that there is an association between the categorical
variables or that the observed distribution does not match the expected distribution.



Step 2: Construct the Contingency Table

A contingency table (also known as a cross-tabulation or crosstab) is a table that displays the
frequency distribution of two or more categorical variables. The rows represent the categories of
one variable, and the columns represent the categories of another. The cells within the table contain
the observed counts for each combination of categories.

For example, for the smoking and lung cancer study:

Lung Cancer: Yes Lung Cancer: No

Smoker Observed Count 1 Observed Count 2

Non-Smoker Observed Count 3 Observed Count 4

Step 3: Calculate Expected Frequencies

Under the assumption that the null hypothesis is true, you calculate the expected frequencies for
each cell in the contingency table. The formula for expected frequency (E) is:

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

You would calculate this for every cell. For instance, the expected count for 'Smoker' and 'Lung
Cancer: Yes' would be the sum of all smokers multiplied by the sum of all lung cancer cases, divided
by the total number of individuals in the study.

Step 4: Calculate the Chi Squared Statistic

The chi-squared statistic (χ²) is calculated by summing the squared differences between observed
(O) and expected (E) frequencies, divided by the expected frequencies, across all cells:

χ² = Σ [ (O - E)² / E ]

This formula quantifies the overall discrepancy between what was observed and what was expected
under the null hypothesis. A larger χ² value indicates a greater divergence.

Step 5: Determine Degrees of Freedom

Degrees of freedom (df) are crucial for determining the appropriate chi-squared distribution to use
for statistical inference. The degrees of freedom represent the number of values in the calculation
that are free to vary.

For a chi-squared goodness-of-fit test with 'k' categories, df = k - 1.



For a chi-squared test of independence or homogeneity with 'r' rows and 'c' columns, df = (r -
1) × (c - 1).

Step 6: Find the P-value

The P-value represents the probability of observing a chi-squared statistic as extreme as, or more
extreme than, the one calculated, assuming the null hypothesis is true. You can find the P-value
using a chi-squared distribution table or statistical software, given your calculated χ² statistic and
degrees of freedom.

Step 7: Make a Decision

You compare your P-value to a predetermined significance level (alpha, α), which is commonly set at
0.05.

If P-value ≤ α: You reject the null hypothesis (H₀). This suggests that there is a statistically
significant association between the variables or that the observed distribution is significantly
different from the expected distribution.

If P-value > α: You fail to reject the null hypothesis (H₀). This means there is not enough
evidence to conclude a statistically significant association or difference; the observed
differences could reasonably be due to random chance.

Interpreting the Chi Squared Results

The interpretation of chi-squared test results hinges on the P-value and the effect size (though effect
size isn't directly calculated by the standard chi-squared formula itself, it can be inferred or
calculated with additional measures). A statistically significant result (low P-value) indicates that the
observed pattern is unlikely to have occurred by chance alone, supporting the alternative
hypothesis.

However, a significant chi-squared statistic does not tell you the direction or strength of the
association. For instance, in a test of independence, a significant result means the variables are
related, but it doesn't explain how they are related (e.g., is smoking more likely to lead to lung
cancer, or less likely?). Examining the observed and expected frequencies within the contingency
table, or calculating measures like Cramer's V for association strength, is crucial for a complete
understanding.

Conversely, failing to reject the null hypothesis doesn't prove that there's no relationship; it simply
means the data did not provide sufficient evidence to detect one at your chosen significance level.



Small sample sizes or weak associations can lead to non-significant results even when a real effect
exists.

Assumptions of the Chi Squared Test

For the results of a chi-squared test to be valid, several assumptions must be met:

Categorical Data: The variables under analysis must be nominal or ordinal categorical
variables.

Independence of Observations: Each observation in the dataset must be independent of all
other observations. This means that the outcome for one individual should not influence the
outcome for another.

Random Sampling: The data should ideally be collected from a random sample of the
population of interest.

Sufficient Sample Size: Each expected cell frequency should be sufficiently large. A common
rule of thumb is that at least 80% of expected cell frequencies should be 5 or greater, and no
expected cell frequency should be less than 1. If this assumption is violated, alternative tests
like Fisher's exact test might be more appropriate for small 2x2 tables, or adjustments might
be needed for larger tables.

Real-World Applications of the Chi Squared Test

The chi-squared test is a versatile tool with applications spanning numerous disciplines:

Market Research: Analyzing whether customer preferences for product features are
independent of demographic groups (age, gender, income).

Medicine and Public Health: Investigating associations between risk factors (e.g., diet,
exercise habits) and disease outcomes (e.g., heart disease, diabetes).

Genetics: Testing whether observed ratios of offspring phenotypes (physical traits) conform to
Mendelian inheritance patterns.

Social Sciences: Examining relationships between political affiliation and social issues, or
between educational attainment and employment status.

Quality Control: Determining if defects in manufactured products are evenly distributed or if
they tend to occur in clusters.

Psychology: Assessing if responses to survey questions are independent of experimental
conditions.



Limitations of the Chi Squared Test

While powerful, the chi-squared test has limitations that users should be aware of:

Only for Categorical Data: It cannot be used directly with continuous or interval data.

Sensitive to Sample Size: With very large sample sizes, even tiny, practically insignificant
differences can become statistically significant, leading to potential misinterpretation of real-
world importance. Conversely, small sample sizes may lack the power to detect real
associations.

Does Not Measure Strength of Association: A significant chi-squared value indicates an
association exists but doesn't quantify its strength or direction. Measures like Cramer's V or
odds ratios are needed for this.

Assumption of Independence: Violations of the independence assumption (e.g., repeated
measures on the same individuals without accounting for it) can invalidate the results.

Assumption of Expected Frequencies: Small expected cell frequencies can lead to
inaccurate results.

Causation vs. Association: A significant chi-squared test indicates an association, but it does
not imply causation. Correlation does not equal causation.

Frequently Asked Questions

Q: What is the main purpose of performing a chi squared test?
A: The main purpose of a chi squared test is to determine if there is a statistically significant
association between two categorical variables or if an observed frequency distribution differs
significantly from an expected distribution.

Q: Can a chi squared test be used for continuous data?
A: No, a chi squared test is strictly for categorical data. If you have continuous data, you would
typically need to categorize it first (e.g., by creating bins or intervals) or use different statistical
tests designed for continuous variables.

Q: What is the difference between the chi squared test for



independence and the chi squared test for homogeneity?
A: The chi squared test for independence examines if there is an association between two
categorical variables within a single population. The chi squared test for homogeneity compares the
distribution of a categorical variable across two or more distinct populations to see if the proportions
are the same.

Q: What does it mean if my p-value is less than 0.05 in a chi
squared test?
A: If your p-value is less than 0.05 (or your chosen significance level), you reject the null hypothesis.
This indicates that the observed differences or associations in your data are statistically significant
and unlikely to be due to random chance.

Q: What happens if my expected cell frequencies are too small
for a chi squared test?
A: If your expected cell frequencies are too small (e.g., below 5 in many cells), the chi squared
approximation may not be accurate. For 2x2 tables, Fisher's exact test is a common alternative. For
larger tables, you might consider combining categories or using exact test methods if available in
your software.

Q: Does a significant chi squared result mean one variable
causes the other?
A: No, a significant chi squared test only indicates an association between variables. It does not
imply causation. Many other factors could be involved, and further research or experimental design
is needed to establish causality.

Q: How are degrees of freedom calculated for a chi squared
test?
A: For a goodness-of-fit test with 'k' categories, df = k - 1. For a test of independence or
homogeneity in an 'r' x 'c' contingency table, df = (r - 1) × (c - 1).

Q: What are some common mistakes to avoid when performing
a chi squared test?
A: Common mistakes include using the test with continuous data, violating the independence of
observations assumption, having too many small expected cell frequencies without appropriate
adjustments, and misinterpreting a significant result as evidence of causation.
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