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The EINV function in SAS is a powerful statistical tool designed specifically for calculating the

inverse cumulative distribution function (CDF) associated with the F-distribution. This function
serves a foundational role in statistical inference, particularly when performing E-tests, such as
those used in analysis of variance (ANOVA) or regression analysis. By providing a specific
cumulative probability (P) and the required degrees of freedom, the FINV function yields the critical
boundary value--the threshold where the specified cumulative probability is achieved. This
functionality allows practitioners to determine critical values necessary for hypothesis testing
across various confidence levels, whether establishing a 95% confidence interval or a more
stringent 99% boundary.

Utilizing the FINV function streamlines the process of finding these critical points, historically
requiring manual consultation of lengthy F-distribution tables. Its primary application lies in
determining the threshold value that an F test statistic must exceed (or fall below) for a result to be
deemed statistically significant. Understanding and correctly applying FINV is therefore essential
for anyone conducting serious statistical analysis within the SAS environment, ensuring accurate
and reliable determination of statistical significance based on the underlying F-distribution model.
Furthermore, FINV can be combined with other statistical functions, such as the FCDF function
(which calculates the cumulative probability for a given F-value), to perform robust validation
checks and explore the properties of the F-distribution efficiently.

This comprehensive guide will explore the mechanics of the FINV function, detail its syntax, and
provide practical, step-by-step examples demonstrating how to calculate F critical values crucial for
robust statistical decision-making. We will also examine how parameter changes, specifically
modifications to the significance level, profoundly affect the resulting critical threshold.

You can use the FINV function in SAS to find critical values from the E distribution, a key step in
evaluating variances and testing means across different populations.

The Role and Characteristics of the F-Distribution

To fully appreciate the utility of the FINV function, one must first grasp the nature of the E-
distribution itself. Also known as the Snedecor's F distribution or the Fisher-Snedecor distribution, it
is a continuous probability distribution that arises in the context of comparing variances.
Specifically, it is the distribution of the ratio of two independent chi-squared variables, each divided
by their respective degrees of freedom. Because it deals with ratios of variances, the F-
distribution is fundamental to statistical tests that assess differences between means in multiple
groups, most notably in ANOVA, and is also used in assessing the overall fit of regression models.

A unique characteristic of the F-distribution is that it is defined by two distinct parameters: the
numerator degrees of freedom (NDF) and the denominator degrees of freedom (DDF). These
parameters dictate the precise shape of the distribution, which is always positively skewed and
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only takes positive values. As both NDF and DDF increase, the shape of the distribution tends
gradually toward the normal distribution. The FINV function relies entirely on these three inputs--
the desired cumulative probability (P) and the two degrees of freedom--to calculate the inverse
value. This reliance underscores why understanding the experimental context (i.e., how NDF and
DDF are derived from the sample sizes and number of groups) is crucial before attempting to
calculate the critical value accurately.

When conducting hypothesis testing using the F-distribution, we are typically interested in the
upper tail of the distribution, as large F-statistic values suggest significant differences between the
variances or means being compared. The FINV function directly addresses this by providing the
cutoff point (the F critical value) that corresponds to a specified cumulative probability, which is
calculated as $1 - alpha$, where $alpha$ is the chosen significance level. For instance, if we set
$alpha = 0.05$, the cumulative probability input $P$ would be $0.95%. The FINV output tells us
exactly what F-value marks the 95th percentile of that specific F-distribution curve, based on the

provided degrees of freedom, establishing the boundary of the rejection region.

Understanding the Syntax and Required Parameters

The FINV function in SAS requires three positional arguments to execute correctly. These
parameters define both the desired cumulative probability and the specific shape of the E-
distribution being analyzed. The function uses the following basic syntax structure:

FINV(p, ndf, ddf)
The three components are defined as follows:

p: Represents the cumulative probability or the desired quantile. In the context of finding upper-tail
critical values for a one-tailed test or two-tailed ANOVA, this value is typically calculated as $1 -
alpha$, where $alpha$ is the chosen significance level (e.g., $0.95% for $alpha=0.05$). This input

must be a value between 0 and 1, exclusive.

ndf: Stands for the numerator degrees of freedom. In typical ANOVA applications, this value
corresponds to the degrees of freedom associated with the effect being tested, often calculated as
the number of groups or treatments minus one ($k-13).

ddf: Stands for the denominator degrees of freedom. This value usually corresponds to the
degrees of freedom associated with the error term, or the residual sum of squares, often calculated
as the total number of observations minus the number of groups ($N-k$).

The FINV function works by calculating the F-value $f$ such that $P(F le f) = p$. This inverse
relationship is fundamental: instead of calculating the probability for a given F-value (like the FCDF
function would), FINV calculates the F-value for a given cumulative probability. Accurate input of
the numerator and denominator degrees of freedom is paramount, as these parameters
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completely define the distribution curve from which the critical value is drawn. Any error in these
inputs will lead to an incorrect critical value and potentially flawed statistical conclusions regarding
the hypothesis test being performed.

Practical Application: Calculating the F Critical Value ($alpha = 0.05%)

To demonstrate the practical use of the FINV function, we will walk through a common scenario in
statistical hypothesis testing. Suppose we are conducting an ANOVA test and must determine the
F critical value necessary to establish significance at the standard $0.05$ level. The context of our
hypothetical experiment provides us with the necessary degrees of freedom derived from our
sample size and number of groups, which are calculated based on the experimental design.

Specifically, let's assume the following required parameters: we seek the F critical value for a
significance level ($alpha$) of $mathbf{0.05}$, the numerator degrees of freedom ($ndf$) is

determined to be $mathbf{6}$, and the denominator degrees of freedom ($ddf$) is determined to
be $mathbf{8}$. Since we are calculating the upper-tail critical value corresponding to $P = 1 -
alpha$, our cumulative probability input $p$ will be $1 - 0.05 = 0.95%. This value of $0.95%
represents the percentile in the distribution below which $95%$ of all F-values fall.

We can use the FINV function within a SAS DATA step to calculate this precise value, storing the
result in a new variable called critical val. The PUT statement is included to immediately
display the calculated result in the SAS log. The following code snippet illustrates the setup and
execution, encapsulating the entire process:

[*create dataset that contains F critical value*/
data my_data;

critical_val=finv(.95, 6, 8);

put critical_val=;

run;

[*view results*/

proc print data=my_data;

Executing this SAS code will generate a dataset containing the calculated critical value, which SAS
handles with high precision. This automated approach is highly efficient, particularly when dealing
with complex statistical models where manual lookup might be prone to error or when needing to
automate the calculation across multiple distributions with varying degrees of freedom.

Interpreting the F Critical Value and Decision Rule
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Obs @ critical_val

1 3.58058

Upon execution of the previous DATA step, SAS returns the calculated F critical value. For a
specified significance level of $0.05$, with $ndf = 6% and $ddf = 8%, the resulting F critical value is

calculated as 3.58058. This value is profoundly significant; it represents the boundary line in the E-
distribution above which we reject the null hypothesis. Statistically, this means that only $5%$ of
the values in this specific F-distribution fall above $3.58058%, assuming the null hypothesis (i.e., no
significant difference between means or variances) is true. This upper $5%$ area is known as the
rejection region.

The resulting critical value, $3.580588%, is the benchmark against which the calculated F test
statistic derived from the actual experimental data is compared. If the observed F statistic
calculated from your dataset is larger than $3.58058%, the result is considered statistically
significant at the $5%8$ level. The interpretation here is that the observed ratio of variances is so
large that it is unlikely to have occurred by chance alone, justifying the rejection of the null
hypothesis in favor of the alternative hypothesis.

Conversely, if the observed F statistic falls below this critical threshold, we do not have sufficient
evidence to reject the null hypothesis, implying that the observed differences are likely due to
random sampling variability rather than a true underlying effect. This straightforward comparison
provides a robust decision rule. If the calculated F statistic exceeds 3.58058, we conclude that
there are significant differences between the groups or that the overall model is statistically
meaningful. The clarity provided by the FINV function allows researchers to make definitive, data-
driven decisions regarding their statistical models without the ambiguity inherent in relying solely
on p-values, reinforcing the importance of defining the critical region accurately based on the
desired $alpha$ level and the experiment's specific degrees of freedom.

Analyzing the Impact of Changing the Significance Level

The choice of the significance level ($alpha$) is a critical decision in hypothesis testing, directly

impacting the strictness of the test and, consequently, the resulting F critical value. It is essential to
recognize that selecting a smaller $alpha$ (e.g., moving from $0.05% to $0.01$) increases the rigor
required to reject the null hypothesis, invariably leading to a larger F critical value. This relationship
illustrates the trade-off inherent in statistical testing: by decreasing the probability of a Type | error
(false positive), we increase the threshold for significance, making it harder to find a significant
result.
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To illustrate this effect, let us calculate the F critical value using the same degrees of freedom
($ndf=6%, $ddf=8%) but adopting a stricter significance level of $alpha = 0.01$. This stricter level
means we are only willing to accept a $1%$ chance of incorrectly rejecting the null hypothesis. In
this case, the required cumulative probability $p$ is $1 - 0.01 = 0.99%. We anticipate that this
critical value will be substantially higher than the $3.58058% found previously, reflecting the need
for a much stronger observed effect to achieve significance at the $1%%$ level.

The SAS code structure remains identical, but the first argument, the cumulative probability, must
be adjusted to $0.99$% to reflect the shift from the $95{text{th}}$ percentile to the $99/\{text{th}}$
percentile of the distribution. This change in the input parameter directly queries the FINV function
for a significantly higher cutoff value:

[*create dataset that contains F critical value*/
data my_data,;

critical_val=finv(.99, 6, 8);

put critical_val=;

run;

[*view results*/
proc print data=my_data;

Executing this revised code demonstrates empirically that the F critical value for a significance
level of $0.01$, with numerator degrees of freedom equal to $6$ and denominator degrees of
freedom equal to $8%, is 6.37068. This value is significantly larger than the critical value for
$alpha=0.05$, clearly illustrating the direct relationship between requiring a smaller rejection region
(19%) and needing a much more extreme test statistic (6.37068) to achieve statistical significance.

Verifying Results Against Traditional F-Distribution Tables

While the primary advantage of the FINV function in SAS is its speed and precision, particularly

when dealing with large datasets or automation, it is reassuring to know that the calculated values
align perfectly with results obtained through traditional methods. Before the advent of statistical
software, researchers relied heavily on printed F-distribution tables, which listed critical values
corresponding to various combinations of degrees of freedom and common significance levels
(like $0.05% and $0.01%$).

The values generated by the FINV function--such as $3.58058% for $P=0.95% and $6.37068$ for
$P=0.99% (with $ndf=63$ and $ddf=83%)--will match those found in any standard, high-quality F-
table. This consistency serves as a validation of both the function's accuracy and the underlying
statistical theory. The primary difference is the efficiency gain: FINV calculates the precise value
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for any arbitrary probability $P$, whereas printed tables are limited to discrete, pre-calculated
probabilities and degrees of freedom, often necessitating approximation.

Utilizing SAS functions like FINV eliminates the need for manual interpolation, which is often
required when the exact degrees of freedom are not explicitly listed in a printed table. This
automated precision ensures that statistical inference is based on the most accurate available
critical boundary, minimizing potential human error and increasing the reliability of the hypothesis
test outcome. The user can confidently rely on the FINV function as a definitive source for F-
distribution critical values.

Conclusion and Related SAS Tutorials

The FINV function is an indispensable component of the SAS statistical toolkit, providing a
straightforward and highly accurate method for determining F critical values based on the specified
cumulative probability and degrees of freedom. By understanding the relationship between the
significance level and the required critical threshold, analysts can confidently compare their

observed F test statistic against this benchmark to draw reliable conclusions about statistical

significance.

Mastering functions like FINV empowers researchers to move beyond basic table lookups and
integrate complex statistical calculations directly into their data processing workflows, leading to
faster, more reproducible, and higher-quality analysis. The function provides the precision
necessary for modern statistical modeling, irrespective of the degrees of freedom or the chosen
significance level.

The following tutorials explain how to perform other common tasks in SAS:
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