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Understanding the Chi-Square Test of Independence

The Chi-Square Test of Independence is a fundamental statistical analysis used to evaluate

whether there is a significant association between two categorical variables. Unlike correlation

coefficients that measure the strength of a linear relationship between continuous data, this test

focuses on the distribution of frequencies across different categories. By comparing the observed

frequencies in a contingency table to the frequencies we would expect if the variables were

completely independent, researchers can determine if the patterns they see are due to chance or a

meaningful relationship.

In the context of Stata, performing this test is both efficient and highly customizable. The software

allows users to organize raw data into cross-tabulations, providing a clear visual representation of

how categories overlap. This specific hypothesis test is widely utilized across various fields,

including sociology, medicine, and market research, where data is often grouped into distinct

classifications such as gender, region, or success/failure outcomes. Understanding the underlying

logic of the test is crucial before executing the commands in a software environment.

To ensure the validity of the results, it is important to verify that the data meets certain statistical

assumptions. For instance, the observations must be independent, and the expected frequency in

each cell of the contingency table should generally be five or greater. If these conditions are met,

the Pearson Chi-Square statistic provides a reliable measure of the discrepancy between

observed and expected counts. In this guide, we will walk through the practical application of this

test using one of Stata's most iconic datasets, ensuring you have a comprehensive understanding

of the process from data loading to final interpretation.

Theoretical Foundations and Statistical Hypotheses

Before diving into the Stata syntax, one must understand the null hypothesis (H?) and the

alternative hypothesis (H?) associated with the test. The null hypothesis states that the two

variables are independent, meaning that knowing the value of one variable does not provide

information about the value of the other. Conversely, the alternative hypothesis suggests that there

is a significant association or dependency between the variables. Statistical significance is

typically determined by comparing the calculated p-value against a predetermined alpha level,

most commonly 0.05.

The mathematical core of the Chi-Square Test of Independence involves calculating the

difference between observed and expected frequencies for each cell. The expected frequency for

any given cell is calculated by multiplying the row total by the column total and then dividing by the

grand total. These differences are squared, divided by the expected values, and summed to

produce the Chi-Square statistic. A larger statistic indicates a greater divergence from what
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would be expected under the null hypothesis, potentially leading to its rejection.

In Stata, these complex calculations are automated, but the researcher remains responsible for the

conceptual interpretation. It is essential to remember that a significant result does not imply

causality; it only indicates that an association exists. For example, finding an association between

education level and voting behavior does not necessarily mean education causes specific voting

choices, but rather that these variables are linked in the population being studied. This distinction is

vital for accurate data storytelling and scientific reporting.

Introduction to the Stata Environment and Dataset

This tutorial utilizes the auto dataset, a classic sample dataset built into Stata that contains

information on 74 different automobiles from the year 1978. This dataset is excellent for learning

because it contains a mix of continuous and categorical variables. For our analysis, we will focus

on two specific attributes that help us explore the relationship between vehicle origin and

maintenance history. By using built-in data, you can easily follow along without needing to import

external files.

The variables of interest for this specific Chi-Square Test of Independence are:

rep78: This variable represents the repair record of the vehicle in 1978, coded on a scale from 1

to 5, where 1 indicates a poor record and 5 indicates an excellent record.

foreign: This is a binary variable indicating the manufacturing origin of the car, where 0

represents a domestic (US-made) vehicle and 1 represents a foreign-made vehicle.

Our goal is to determine if the location of manufacture (foreign vs. domestic) has a statistically

significant relationship with the frequency of repairs the car received. This involves checking if

foreign cars were more or less likely to fall into specific repair categories compared to their

domestic counterparts. This practical example provides a clear roadmap for applying the Pearson

Chi-Square methodology to real-world scenarios.

Step 1: Loading and Inspecting the Raw Data

The first stage in any data analysis project in Stata is to load the data into the system memory. To

access the built-in automobile data, we use the sysuse command. This command is specifically

designed to call up example datasets stored within the Stata directory. Type the following

command in your command window:

sysuse auto

Once the dataset is loaded, it is a best practice to inspect the raw data to understand its structure
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and identify any potential issues, such as missing values. We can open the Data Editor in browse

mode to view the observations without accidentally changing any values. This is done using the

browse command, often abbreviated as br:

br

As shown in the data browser, each row represents a unique automobile model. You will see

columns for various metrics such as price, mileage (mpg), weight, and length. However, for our

Chi-Square Test, we will ignore the continuous variables and focus exclusively on the rep78 and

foreign columns. Observing the data helps confirm that these variables are indeed categorical and

suitable for cross-tabulation analysis.

Step 2: Performing the Chi-Square Test of Independence

With the data successfully loaded and inspected, we proceed to the core statistical analysis. In

Stata, the contingency table and the associated Chi-Square statistic are generated

simultaneously using the tabulate command (often shortened to tab). This command is incredibly

versatile, allowing for two-way tables that summarize the interaction between two variables.
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To perform the Chi-Square Test of Independence, you must include the chi2 option after the

comma in your syntax. The general syntax structure is tab , chi2. For our specific study, enter the

following command into Stata:

tab rep78 foreign, chi2

By executing this command, Stata produces a cross-tabulation displaying the frequency of each

category combination. Below the table, you will see the calculated Pearson Chi-Square value, the

degrees of freedom, and the p-value. These metrics are the essential components needed to

draw a definitive conclusion about the relationship between your chosen variables.

Step 3: Interpreting the Frequency Summary Table

The output begins with a summary table, often called a joint frequency distribution. This table is

vital for descriptive statistics, as it provides a raw count of how many cars fall into each

intersection of the two variables. In our example, the rows represent the repair records (1 through

5) and the columns represent the origin (Domestic vs. Foreign).

By examining the table, we can observe several interesting patterns in the sample data:

Among domestic cars, only 2 models received the lowest repair rating (1), while 27 models

received a middle-of-the-road rating (3).

For domestic vehicles, only 2 models achieved the highest rating of 5, suggesting a potential trend

in maintenance performance for that era.

Conversely, foreign cars showed a different distribution, with 9 models receiving a rating of 5 and

none receiving a rating of 1 or 2.

ARABPSYCHOLOGY.C
OM

https://en.wikipedia.org/wiki/Chi-squared_test
https://www.stata.com/
https://www.stata.com/
https://en.wikipedia.org/wiki/Contingency_table
https://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
https://en.wikipedia.org/wiki/Degrees_of_freedom_(statistics)
https://en.wikipedia.org/wiki/P-value
https://en.wikipedia.org/wiki/Contingency_table
https://en.wikipedia.org/wiki/Descriptive_statistics
https://en.wikipedia.org/wiki/Sample_(statistics)
https://scales.arabpsychology.com/?p=134687
https://scales.arabpsychology.com
https://scales.arabpsychology.com


How to Perform a Chi-Square Test of Independence in Stata: A Step-by-Step Guide 6

PSYCHOLOGICAL SCALES scales.arabpsychology.com

These observed frequencies provide the raw evidence used to calculate the test statistic. While

the table alone suggests that foreign cars might have better repair records, we cannot rely on

visual inspection alone. We must look at the statistical significance reported below the table to

ensure that these differences are not simply the result of sampling error.

Step 4: Decoding the Pearson Chi-Square Statistic and P-Value

The bottom section of the Stata output contains the results of the Pearson Chi-Square test. The

first value to note is the Pearson chi2(4), which is 27.2640. The number in parentheses, 4,

represents the degrees of freedom (df). For a test of independence, the degrees of freedom are

calculated as (number of rows - 1) multiplied by (number of columns - 1). In this case, (5-1) * (2-1)

= 4.

The most critical value for statistical inference is the Pr value, which is the p-value. In our

results, the p-value is 0.000. This indicates the probability of obtaining a Chi-Square statistic as

extreme as 27.2640 if the null hypothesis were true. Because 0.000 is significantly lower than the

standard alpha level of 0.05, we have strong evidence to reject the null hypothesis.

When we reject the null hypothesis, we conclude that the variables are not independent. In

practical terms, this means there is a statistically significant association between the

manufacturing origin of a car and its repair record. The data suggests that foreign and domestic

cars did not have the same distribution of repair frequencies in 1978. This finding allows

researchers to move forward with more detailed analyses to explore the nature and direction of this

relationship.

Advanced Options and Best Practices in Stata

While the basic chi2 option is sufficient for many analyses, Stata offers additional tools to refine

your Chi-Square Test of Independence. If you are working with a small sample size where some

cells have very low expected frequencies, the Pearson Chi-Square may not be accurate. In such

cases, you should use the Fisher's exact test by adding the exact option to your command. This

provides a more precise p-value for small or sparse datasets.

Furthermore, you can request expected frequencies to be displayed alongside observed

frequencies by using the expected option. This is helpful for verifying the assumptions of the test.

To better understand the contribution of each category, you might also use the column or row

options to see percentages instead of just counts. For example:

tab rep78 foreign, chi2 expected column

This command would show you the percentage of foreign versus domestic cars within each repair
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category, making the differences much easier to communicate to a non-technical audience. It is

also common to report effect size measures, such as Cramer's V, which can be obtained in Stata

using the V option. These measures tell you not just if an association is significant, but how strong

that association actually is.

Concluding Thoughts on Chi-Square Analysis

The Chi-Square Test of Independence is an essential tool in the data analyst's toolkit, providing

a clear method for examining relationships between categorical variables. By following the steps

outlined in this tutorial--loading the data, creating a contingency table, and interpreting the p-

value--you can confidently determine whether observed patterns in your data represent real

associations in the population. Stata's intuitive command structure makes this process seamless,

allowing you to focus on the implications of your findings.

As you continue your journey with statistics, remember that the Chi-Square test is just the

beginning. It identifies that a relationship exists, but further exploratory data analysis or regression

modeling may be needed to understand the complexities of that relationship. Always ensure your

data meets the necessary statistical assumptions to maintain the integrity of your research and

produce results that are both reliable and valid.

Finally, clear documentation of your Stata code and careful reporting of your degrees of freedom

and test statistics are vital for reproducibility. Whether you are conducting academic research or

business analytics, mastering the Chi-Square Test of Independence empowers you to extract

meaningful insights from categorical data, turning raw numbers into actionable knowledge.
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