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The Breusch-Pagan test is a crucial diagnostic tool in econometrics and statistics, specifically

designed to evaluate one of the core assumptions of classical linear regression: homoscedasticity.

This assumption posits that the variance of the error terms (residuals) in a regression model is

constant across all levels of the independent variables. When this condition is violated--meaning

the variance changes--the model suffers from heteroscedasticity, which compromises the reliability

of standard error estimates and statistical inference.

In essence, the Breusch-Pagan test assesses the null hypothesis of homoscedasticity. It operates

by calculating a test statistic, often referred to as the Lagrange multiplier statistic, which follows a

chi-squared distribution under the null hypothesis. The degrees of freedom for this distribution are

determined by the number of independent variables included in the regression model.

Understanding how to execute and interpret this test in an accessible platform like Microsoft Excel

is vital for validating regression results, ensuring the accuracy of your coefficients, and making

reliable predictions based on your data.

This comprehensive guide details the step-by-step process of implementing the Breusch-Pagan

test within Excel. We will leverage Excel's built-in statistical functionalities and formulas to move

beyond the basic regression output and rigorously test for the presence of variance irregularity, or

heteroscedasticity, in your analysis, ensuring all steps are documented for clean and valid results.

Understanding Homoscedasticity and Its Implications

Before diving into the mechanics of the test, it is essential to appreciate why homoscedasticity is

such a critical assumption for Ordinary Least Squares (OLS) regression. When the errors are

homoscedastic, the OLS estimators are considered the Best Linear Unbiased Estimators (BLUE).

However, if the error variance is not constant (i.e., if heteroscedasticity is present), the OLS

estimates remain unbiased, but they lose their efficiency. More dangerously, the calculated

standard errors will be biased, leading to inaccurate t-statistics and p-values, which can result in

incorrect conclusions regarding the statistical significance of the predictors in the model.

The presence of heteroscedasticity often occurs in cross-sectional data, particularly when dealing

with variables that exhibit wide ranges of scale, such as income, firm size, or population density. In

such cases, the variability of the dependent variable may naturally increase or decrease as the

independent variable changes. For instance, predicting expenditure based on income might show

that low-income individuals have very similar spending habits (low error variance), while high-

income individuals display wildly divergent spending habits (high error variance). The Breusch-

Pagan test provides a formal, quantitative method to detect this irregularity, which is often difficult

to spot merely through visual inspection of residual plots.
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The Statistical Foundation of the Breusch-Pagan Test

The fundamental logic behind the Breusch-Pagan test involves performing an auxiliary regression.

Instead of modeling the dependent variable, we model the variance of the residuals. The

procedure tests whether the variance of the errors is systematically related to the independent

variables. If the variance is truly constant (homoscedastic), then the independent variables should

have no explanatory power when regressing them against the variance.

Specifically, the test uses the squared residuals from the original OLS model as the new

dependent variable in a secondary, auxiliary regression. The original explanatory variables are

used again as predictors. If the explanatory variables significantly predict the squared residuals, it

suggests that the variance is changing systematically with the independent variables. The test

statistic is derived directly from the R-squared value of this auxiliary regression, making it powerful

yet straightforward to calculate, especially using spreadsheet software like Excel.

Example Setup: Analyzing Basketball Player Attributes

To practically demonstrate the application of the Breusch-Pagan test, we will utilize a sample

dataset describing the performance attributes of 10 basketball players. Our objective is to fit a

model predicting player rating and subsequently test whether the assumption of stable error

variance holds true.

We will construct a multiple linear regression model using rating as the response variable (Y) and

points, assists, and rebounds as the explanatory variables (X). The Breusch-Pagan test will then

be performed to determine if heteroscedasticity is present in the fitted regression. The raw data

used for this example is presented below:
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Step 1: Performing the Initial Multiple Linear Regression

The first critical task is generating the necessary output for the primary linear regression model.

This step provides us with the estimated coefficients and, most importantly, the residual values,

which are the basis for the entire Breusch-Pagan procedure. We utilize the powerful Data

Analysis Toolpak add-in within Excel to execute this operation.

To access the tool, navigate to the Data tab and click on Data Analysis. If this option is

unavailable, you must first enable the Data Analysis Toolpak add-in. Once the dialog box appears,

select Regression and click OK. The following window will prompt you to define the ranges for your

variables:
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Fill in the Input Y Range (Rating) and the Input X Range (Points, Assists, Rebounds). Crucially,

ensure that the Residuals option is checked in the output section, as these values are essential for

the subsequent calculations. After confirming the input ranges and clicking OK, Excel will generate

the comprehensive regression summary, providing the coefficients necessary for predicting the

response variable:

This process results in the standard statistical output table, which summarizes the model's fit and

provides the specific coefficient estimates for the intercept and each explanatory variable. We will

refer back to these coefficients in the next step to manually calculate the predicted values for each

observation:
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Step 2: Calculating Predicted Values and Squared Residuals

To isolate the measure of variance for testing, we must first calculate the predicted response

values based on the fitted model and then determine the size of the prediction errors. We begin by

calculating the predicted value ($hat{Y}$) for each player using the coefficients obtained in Step 1.

The predicted value is calculated by multiplying the coefficient for each explanatory variable by its

corresponding observed value and summing the results, along with the intercept term. We must

use the exact coefficients from the regression output to ensure accuracy:

When implementing this formula in Excel, it is essential to use absolute cell references for the
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coefficients so that the formula can be accurately copied down to calculate the predicted values for

all 10 observations. This step transforms the static coefficient estimates into dynamic predicted

scores based on the input data:

Next, we calculate the squared residuals ($hat{u}^2$). The residual is the difference between the

actual observed rating and the predicted rating. We square this difference to measure the

magnitude of the error while simultaneously ensuring that all values are positive, which is

necessary for variance analysis:
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Repeating this calculation for all data points generates the full series of squared residuals. This

series, which quantifies the unexplained variance at each observation point, will become the new

dependent variable for the next stage of the test:

Step 3: Performing the Auxiliary Regression

The third step executes the core mechanism of the Breusch-Pagan test: performing a second

multiple linear regression. This auxiliary regression uses the calculated squared residuals

($hat{u}^2$) as the response variable (Y), while the original explanatory variables (Points, Assists,

and Rebounds) remain the predictor variables (X).

If the null hypothesis of homoscedasticity is true, the independent variables should have no power

to explain the variance of the squared residuals, meaning the R-squared value ($R^2_{new}$) of

this auxiliary regression should be statistically insignificant. We use the same Data Analysis

Toolpak process as before, but ensure the Input Y Range now points to the column containing the

squared residuals. The output of this auxiliary regression is necessary to extract the critical

$R^2_{new}$ value:ARABPSYCHOLOGY.C
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From this auxiliary regression summary, we extract the crucial $R^2_{new}$ value, which is

displayed as 0.600395. This value indicates that approximately 60% of the variance in the squared

residuals is being explained by the combination of the original predictor variables. This substantial

R-squared value strongly suggests a relationship exists, but we must formally test its statistical

significance in the final step.

Step 4: Calculating the Breusch-Pagan Test Statistic

The final quantitative step involves calculating the Breusch-Pagan test statistic, often referred to as

the LM statistic. This statistic transforms the $R^2$ of the auxiliary regression into a value that can

be compared against the chi-squared distribution.

The formula for the Breusch-Pagan test statistic ($X^2$) utilizes the sample size ($n$) and the R-

Squared from the new regression ($R^2_{new}$):

X2 = n * R2new

Where:

n: Represents the total number of observations in the dataset.

R2new: Is the R Square value obtained from the auxiliary regression (Step 3).

In our basketball player example, we have 10 observations, so $n = 10$. The R-Squared from the

auxiliary regression is $R^2_{new} = 0.600395$. Applying these values to the formula yields the
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following test statistic:

$$X^2 = 10 times 0.600395 = mathbf{6.00395}$$

This calculated value of 6.00395 is the crucial metric we will use to determine the p-value and

ultimately decide whether to reject the null hypothesis of homoscedasticity.

Step 5: Determining the P-value and Interpreting Results

The final, decisive step is comparing the calculated test statistic (6.00395) against the critical

values of the chi-squared distribution, which is used to determine the associated p-value. The

degrees of freedom ($df$) for this test are equal to the number of independent variables used in

the original regression, which is 3 in our case (Points, Assists, Rebounds).

We use Excel's built-in function, CHISQ.DIST.RT, which calculates the right-tailed probability (p-

value) for the chi-squared distribution:

=CHISQ.DIST.RT(test statistic, degrees of freedom)

Substituting our calculated values, the Excel formula is:

=CHISQ.DIST.RT(6.00395, 3) = 0.111418

The resulting p-value is approximately 0.111418.

Conclusion: We compare the calculated p-value (0.111418) to the conventional significance level

($alpha = 0.05$). Since the p-value is greater than the significance level ($0.111418 > 0.05$), we

fail to reject the null hypothesis. This means that we do not have sufficient statistical evidence at

the 5% significance level to conclude that heteroscedasticity is present in the original multiple

linear regression model. The variance of the error terms in the model relating player rating to

performance statistics is acceptably constant, confirming the reliability of the standard errors

derived from the OLS estimates.ARABPSYCHOLOGY.C
OM
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