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The scale-location plot is an essential diagnostic tool utilized extensively in statistical analysis,

particularly for rigorously evaluating the foundational assumptions underpinning a regression

model. This critical visualization is constructed by mapping the model's fitted values (or predicted

values) along the X-axis against the square root of the standardized residuals along the Y-axis.

Its primary and indispensable function is to help statisticians and researchers objectively assess

whether the model successfully satisfies the crucial assumption of homoscedasticity. This

assumption dictates that the variance of the errors (residuals) must remain constant across the

entire range of predictor variables and fitted values, ensuring that the model's predictive precision

is uniform.

Visual Diagnosis: Checking for Homoscedasticity

When inspecting a scale-location plot, we focus on two primary visual characteristics. These cues

provide immediate, intuitive feedback regarding the model's adherence to the homoscedasticity

assumption and how effectively it handles variance across the fitted data points. A proper

assessment of these elements is fundamental to ensuring the validity of subsequent statistical

inferences.

In an ideal and statistically sound regression model, the residuals should be evenly and randomly
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spread. This consistent scattering indicates uniform predictive power throughout the dataset. If

these conditions are violated, the standard errors of the coefficient estimates become unreliable,

potentially leading to inaccurate hypothesis testing and flawed conclusions about the relationships

between variables.

We specifically look for the following defining characteristics:

The Horizontal Red Line: The smooth red line, which is typically calculated using a LOESS

(Locally Estimated Scatterplot Smoothing) algorithm, must appear approximately horizontal and

flat across the entire span of the plot. If this line maintains its horizontal trajectory, it strongly

suggests that the assumption of homoscedasticity is likely satisfied, confirming that the spread of

the residuals does not systematically change as the fitted values increase.

Random Scatter of Residuals: The plotted points (representing the standardized residuals)

should show no recognizable or predictable pattern. They must be scattered randomly around the

central horizontal red line, maintaining roughly equal variability at all fitted values. The emergence

of any systematic shape, such as a cone (widening or narrowing spread) or a distinct curve,

signals a clear violation of the assumption. This violation is formally known as heteroscedasticity.

Generating the Scale-Location Plot Using R

To provide a practical demonstration of how this crucial diagnostic plot is created, we turn to the

statistical programming environment, R. We will fit a straightforward linear regression model using

a standard, built-in dataset. Following model fitting, we instruct R to produce its standard array of

diagnostic visualizations, which invariably includes the scale-location plot.

The code snippet below meticulously outlines the required steps. First, we fit the model using the

foundational lm() function, establishing the relationship between the variables. Subsequently, we

call the generic plot() function on the resulting model object, which automatically generates the

necessary diagnostic graphs for assessment.

#fit simple linear regression model

model <- lm(Ozone ~ Temp, data = airquality)

#produce scale-location plot

plot(model)

Upon execution, this code segment yields the specific scale-location plot illustrated below, which

we will now proceed to analyze based on the visual criteria established earlier in the article.
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Analyzing the R Output: Case Study Interpretation

Examining the scale-location plot produced by our linear model in R, we systematically apply the

previously defined visual checks. Our primary objective here is to confirm whether the model

successfully adheres to the fundamental assumptions necessary for drawing valid and reliable

statistical inferences.

In the context of this specific example, the visual analysis leads us to the following critical

observations:

The smooth red LOESS line is clearly and consistently very close to horizontal across the entire

range of fitted values displayed on the X-axis. This strong visual evidence firmly suggests that the

assumption of homoscedasticity holds true for this model. This means the variance of the residuals

remains remarkably consistent, irrespective of the predicted outcome.

Furthermore, the individual data points are scattered in a highly random fashion, exhibiting no

discernible pattern such as a funnel or a systematic curve. This observation reinforces our initial

finding: the variability of the standardized residuals is approximately equal across all fitted values,

validating the model's stability.

Technical Note on Data Points and Outliers

https://en.wikipedia.org/wiki/Homoscedasticity_and_heteroscedasticity
https://en.wikipedia.org/wiki/Standardized_residual
https://statistics.arabpsychology.com/?p=11686
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Understanding Scale-Location Plots: A Guide to Regression Diagnostics 5

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

It is a standard feature of R's diagnostic plots to automatically label the top three observations from

the dataset that exhibit the highest standardized residuals. This labeling serves to highlight

potentially influential points or outliers that may warrant careful, subsequent investigation by the

analyst.

In this particular plot, observations corresponding to row indices 30, 62, and 117 are flagged.

These points demonstrate the largest deviations from the model's predictions relative to their

variability.

It is important to remember that a high standardized residual does not automatically classify an

observation as an outlier or detrimental to the model. Rather, it acts as a strong signal, prompting

the analyst to review the original raw data and determine if these specific points exert undue

influence or leverage on the overall model fit and its parameters.

Beyond Visual Inspection: Introducing Formal Testing

While the scale-location plot offers an exceptionally useful and intuitive visual assessment of the

homoscedasticity assumption, relying solely on subjective visual inspection is generally considered

insufficient for rigorous statistical reporting and publication standards. Visual judgment, while highly

informative for an initial assessment, can sometimes be misleading, particularly when dealing with

complex or subtle violations within large datasets.

To formally and objectively test whether the variance of the residuals is truly constant, statisticians

must employ a specialized statistical hypothesis test. One of the most common, reliable, and

robust methods available for this specific purpose is the renowned Breusch-Pagan Test.

The Breusch-Pagan Test provides an objective, quantifiable p-value. This value permits the

researcher to conclude, with a specific level of statistical confidence, whether the assumption of

stable variance has been met or, conversely, whether it has been violated, signifying the presence

of heteroscedasticity.

Implementing and Interpreting the Breusch-Pagan Test in R

To execute the Breusch-Pagan Test within the R environment, we typically utilize the powerful

bptest() function. This function is conveniently housed within the widely used lmtest package,

which provides formal testing capabilities for linear models. This test formalizes the null and

alternative hypotheses concerning the distributional properties of the model residuals.

The necessary procedural steps involve first loading the required statistical library and then

applying the test function directly to our previously fitted linear model object, as demonstrated

below:
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#load lmtest package

library(lmtest)

#perform Breusch-Pagan Test

bptest(model)

studentized Breusch-Pagan test

data: model

BP = 1.4798, df = 1, p-value = 0.2238

The Breusch-Pagan Test operates under the conventional framework of statistical hypothesis

testing:

Null Hypothesis (H0): The residuals are homoscedastic (i.e., the spread of errors is statistically

constant).

Alternative Hypothesis (HA): The residuals are heteroscedastic (i.e., the variance of errors

significantly changes across the fitted values).

Upon examining the resulting output, we observe a computed p-value of 0.2238. Since this p-value

is substantially greater than the conventional statistical significance level of 0.05, we consequently

fail to reject the null hypothesis (H0). Statistically, we draw the conclusion that there is insufficient

evidence to suggest that heteroscedasticity is present in this regression model. This formal

statistical finding provides objective and robust confirmation that perfectly aligns with the positive

visual assessment derived from our initial inspection of the scale-location plot.

Summary of Findings and Recommended Reading

The scale-location plot stands as an indispensable tool for the rapid and intuitive diagnosis of one

of the most critical assumptions in linear regression: homoscedasticity. By visually assessing the

flatness of the smooth red LOESS line and confirming the random, equal scatter of the

standardized residuals, researchers can gain crucial initial confidence in the overall validity and

reliability of their model.

However, adherence to statistical best practices demands that this initial visual analysis be

comprehensively supplemented by formal, objective statistical tests. Tests such as the Breusch-

Pagan Test ensure that all conclusions drawn regarding the stability of residual variance are

robust, defensible, and statistically sound.

For those interested in exploring these essential diagnostic techniques and their implications in

greater depth, the following resources are highly recommended for further reading:
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Understanding Heteroscedasticity in Regression Analysis

How to Create a Residual Plot in R

How to Perform a Breusch-Pagan Test in R
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