
PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

Understanding the Partial F-Test: A
Guide to Comparing Regression

Models

Authored by

Mohammed looti

November 6, 2025

RECOMMENDED CITATION

Mohammed looti (2025). Understanding the Partial F-Test: A Guide to Comparing

Regression Models. PSYCHOLOGICAL STATISTICS. Retrieved from

https://statistics.arabpsychology.com/?p=11619

https://statistics.arabpsychology.com/?p=11619
https://statistics.arabpsychology.com/?p=11619
https://statistics.arabpsychology.com/?p=11619
https://statistics.arabpsychology.com/?p=11619
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Understanding the Partial F-Test: A Guide to Comparing Regression Models 2

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

The Partial F-test stands as a fundamental tool in applied statistics, particularly within the domain

of multiple regression analysis. Its primary purpose is to provide an objective, quantitative

assessment of whether a specific subset of predictor variables collectively contributes meaningful

explanatory power to a model. This test is indispensable for rigorous model selection, allowing

researchers to move beyond subjective judgment and determine if the added complexity of

incorporating more variables is statistically justified by a significant improvement in model fit. By

comparing the variance explained by a comprehensive model against a simpler version, the Partial

F-test ensures that only variables that genuinely enhance predictive accuracy are retained,

upholding the principle of parsimony in statistical modeling.

The core utility of this test lies in its ability to evaluate the change in the total amount of

unexplained variation when moving from a simple model structure to a more complex one. This

method is particularly relevant when researchers are attempting to validate a theoretical framework

that suggests a group of variables are jointly necessary to describe a phenomenon, or conversely,

when trying to simplify an overly complex model without sacrificing critical information.

Understanding the mechanics of this test is crucial for anyone involved in building reliable and

interpretable regression models, as it dictates the final structure and robustness of the analytical

results.

The Role of the Partial F-Test in Model Selection

The Partial F-test is specifically designed to handle situations where models are "nested." A

nested model is defined as a simpler model whose set of independent variables is entirely

contained within the set of independent variables of a more complex, "full" model. This hierarchical

relationship is key; the Partial F-test cannot be used to compare two models that do not share this

nested structure. By comparing the goodness-of-fit--specifically, the residual errors--between these

two related models, we can formally test the null hypothesis that the additional terms in the full

model are statistically redundant.

The test provides a formal justification for retaining or discarding groups of variables

simultaneously. Unlike individual t-tests, which assess the significance of each predictor variable

one at a time, the Partial F-test assesses the collective importance of a defined set of variables.

This collective assessment is critical because variables that might appear insignificant individually

could, when acting together, provide a substantial improvement in explaining the dependent

variable. Therefore, this test is an essential checkpoint in the iterative process of developing a

statistically sound and efficient regression equation.

Understanding Nested vs. Full Regression Models

To execute a Partial F-test, two distinct, yet related, regression models must be constructed: the
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full model and the reduced (or nested) model. The full model represents the maximum complexity

under consideration; it incorporates all potential predictor variables that the researcher believes

might influence the outcome. If we are investigating a response variable $Y$ using four predictors

($x_1, x_2, x_3, x_4$), the full model equation is comprehensive and includes all associated

coefficients ($beta$ values):

Y = β0 + β1x1 + β2x2 + β3x3 + β4x4 + ε

The nested model is derived directly from the full model by setting the coefficients of the specific

group of variables under investigation to zero, effectively removing those terms from the equation.

The comparison hinges on whether the coefficients ($beta_3$ and $beta_4$ in this example) are

collectively zero. If, for instance, we are testing the joint significance of $x_3$ and $x_4$, the

resulting nested model retains only the remaining predictors:

Y = β0 + β1x1 + β2x2 + ε

The goal of the Partial F-test is to determine if the additional variance explained by the full model

(i.e., the inclusion of $x_3$ and $x_4$) is statistically meaningful. If the full model does not

significantly reduce the prediction error compared to the simpler nested model, the more complex

structure is deemed unnecessary, and the principle of parsimony suggests adopting the reduced

model.

The Mathematical Derivation of the F-Statistic

The power of the Partial F-test resides in its comparison of the errors between the two models,

specifically utilizing the Residual Sum of Squares (RSS). The RSS quantifies the total variation in

the dependent variable that remains unexplained by the model. Crucially, the RSS of the full model

($RSS_{full}$) will always be less than or equal to the RSS of the reduced model

($RSS_{reduced}$), as adding predictors can only improve or maintain the fit, never worsen it.

The F test-statistic is constructed as a ratio of two mean square errors. The numerator measures

the reduction in error achieved by the extra predictors, normalized by the number of predictors

added. The denominator represents the unexplained error remaining in the full model, normalized

by its own degrees of freedom. This ratio allows us to assess if the incremental improvement

(numerator) is large relative to the inherent, random error of the better model (denominator).

The general formula for the Partial F test-statistic is given by:

F = ((RSSreduced – RSSfull)/p) / (RSSfull/(n-k))

The parameters used in this calculation are strictly defined:
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RSSreduced: The total unexplained variance from the simpler, nested model.

RSSfull: The minimum unexplained variance achieved by the comprehensive, full model.

p: The number of parameters (or predictor variables) that were removed from the full model to

create the reduced model. This also represents the numerator degrees of freedom.

n: The total sample size or number of observations used in the analysis.

k: The total number of coefficients estimated in the full model, including the intercept ($beta_0$).

This determines the denominator degrees of freedom ($n-k$).

Interpreting the Null and Alternative Hypotheses

Statistical inference using the Partial F-test is guided by a formal framework of hypothesis testing.

The hypotheses are constructed specifically to test the joint significance of the subset of

coefficients that differentiate the full model from the nested model. The test aims to confirm

whether the removed variables have any collective predictive capacity.

The test utilizes the following hypotheses:

Null Hypothesis (H0): All coefficients corresponding to the predictors removed from the full model

are jointly zero. This suggests that the removed variables ($beta_{p+1} = beta_{p+2} = ... =

beta_{k} = 0$) do not contribute significantly to the model's explanatory power. Under this scenario,

the reduced model is considered statistically adequate.

Alternative Hypothesis (HA): At least one of the coefficients corresponding to the predictors

removed from the full model is non-zero. This implies that the subset of variables being tested

provides a joint, statistically significant improvement in reducing the residual error, meaning the full

model is necessary.

A calculated F-statistic that is substantially large indicates that the difference in RSS between the

two models is significant. In other words, the inclusion of the extra variables leads to a large

reduction in unexplained error, suggesting the null hypothesis is likely false. Conversely, a small F-

statistic implies that the added predictors only marginally reduce the error, a change likely

attributable to random chance rather than true explanatory power.

Decision Making: P-Values and Statistical Significance

The final step in the Partial F-test procedure involves comparing the calculated F-statistic to a

critical value derived from the F-distribution, which ultimately yields the associated p-value. The p-

value represents the probability of observing the calculated F-statistic (or a more extreme one) if

the null hypothesis were true--that is, if the additional variables truly had no effect.

The decision rule is based on comparing the p-value to a pre-determined significance level
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($alpha$), typically set at 0.05. If the p-value is less than or equal to $alpha$, the result is deemed

statistically significant, and we reject the null hypothesis. Rejecting $H_0$ provides strong

evidence that the coefficients for the additional variables are not zero and that the full model offers

a demonstrably superior fit to the data. This justifies the increased complexity.

If, however, the p-value is greater than $alpha$, we fail to reject the null hypothesis. This

outcome suggests that the evidence is insufficient to claim that the added variables provide a

meaningful, non-random improvement in model fit. In this case, the more parsimonious, reduced

model is preferred, as the extra complexity introduced by the variables under test does not warrant

their inclusion.

Practical Implementation Using the R Environment

In modern statistical practice, the comparison between nested regression models is efficiently

handled using the framework of Analysis of Variance (ANOVA). Statistical software packages

automate the complex calculations of the Partial F-statistic and its associated p-value, streamlining

the model selection process for the user. The standard procedure involves three straightforward

steps when using software like R:

Estimate and fit the full regression model, capturing the maximum explanatory power

($RSS_{full}$).

Estimate and fit the nested regression model (the reduced model), which intentionally omits the

target subset of predictors ($RSS_{reduced}$).

Apply the ANOVA function to formally compare the two fitted model objects.

Consider an example using the R programming language and the built-in mtcars dataset. We aim

to determine if adding hp (horsepower) and cyl (number of cylinders) significantly improves the

prediction of mpg (miles per gallon) compared to a model that only uses disp (displacement) and

carb (carburetors). The variables hp and cyl are the subset being tested for joint significance.

The models being compared are:

Full model: $mpg = β_0 + β_1disp + β_2carb + β_3hp + β_4cyl$

Reduced model: $mpg = β_0 + β_1disp + β_2carb$

The following R code executes the model fitting and the ANOVA comparison, which serves as the

Partial F-test:

#fit full model

model_full <- lm(mpg ~ disp + carb + hp + cyl, data = mtcars)
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#fit reduced model

model_reduced <- lm(mpg ~ disp + carb, data = mtcars)

#perform ANOVA to test for differences in models

anova(model_reduced, model_full)

Analysis of Variance Table

Model 1: mpg ~ disp + carb

Model 2: mpg ~ disp + carb + hp + cyl

Res.Df RSS Df Sum of Sq F Pr(>F)

1 29 254.82

2 27 238.71 2 16.113 0.9113 0.414

The resulting ANOVA table output provides the necessary statistics for the Partial F-test. We

observe the F test-statistic is 0.9113, and the corresponding p-value (Pr(>F)) is 0.414. Since this

p-value is significantly greater than the standard $alpha$ of 0.05, we conclude that we must fail to

reject the null hypothesis ($H_0$). This practical result demonstrates that the variables hp and

cyl do not provide a statistically significant improvement in predicting fuel economy when disp and

carb are already included in the model. Consequently, the simpler, reduced model is the preferred

choice for this specific prediction task.
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