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In the realm of advanced statistical computing, particularly when utilizing the robust SAS
environment, the precise determination of critical values is an essential prerequisite for rigorous
hypothesis testing. These boundaries are crucial because they establish the threshold necessary

to judge the statistical significance of any observed data outcome. When executing analyses based
on the Chi-Square distribution, SAS provides an indispensable and highly efficient function: CINV.

This powerful tool allows analysts and researchers to instantly calculate the necessary critical
values, entirely bypassing the historical reliance on static, printed statistical tables, thereby
significantly accelerating the research workflow.

This comprehensive guide is dedicated to unlocking the full potential of the CINV function in SAS.
We will meticulously detail its fundamental syntax, explore the critical parameters required for its
operation, and provide clear, practical examples demonstrating its application in real-world
statistical scenarios. By mastering the proper usage of CINV, you can substantially optimize your
analytical process in SAS, ensuring the utmost accuracy and confidence when interpreting the
results of your Chi-Square tests and making informed statistical decisions.

The Theoretical Foundation: Critical Values and the Chi-Square Distribution

Before integrating the CINV function into your code, it is imperative to possess a solid conceptual
understanding of critical values and the underlying nature of the Chi-Square distribution. In any
formal hypothesis testing procedure, the critical value acts as the definitive boundary that
separates the "rejection region" from the "acceptance region." This rejection region represents the
area under the probability density curve where the observed test statistic must fall for the null
hypothesis to be successfully rejected. When the calculated test statistic exceeds this predefined
critical threshold, the finding is formally declared as statistically significant.

The Chi-Square distribution is a cornerstone of statistical inference, characterized by its

continuous, positively skewed shape. Crucially, the shape of this distribution is uniquely
determined by a single parameter: the degrees of freedom (df). This distribution is foundational for

a variety of Chi-Square tests, including the assessment of independence between categorical
variables, tests of homogeneity, and evaluations of goodness-of-fit. As the degrees of freedom
increase (often corresponding to larger sample sizes or more complex contingency tables), the
Chi-Square distribution gradually becomes less skewed and begins to resemble the shape of the
normal distribution.

To correctly calculate the critical value for any Chi-Square test, two inputs are strictly required: the
chosen significance level (alpha, a) and the specific degrees of freedom associated with the study

design. The CINV function handles this calculation efficiently because it operates as an inverse
cumulative distribution function (inverse CDF). By supplying the function with the desired

cumulative probability and the degrees of freedom, CINV returns the precise Chi-Square value that
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corresponds to that specific quantile, ensuring unparalleled accuracy compared to manual lookups.

Introducing the CINV Function in SAS: Syntax and Required Parameters

The CINV function, native to the SAS analytical suite, is specifically designed to compute the
guantile, which is mathematically equivalent to the critical value, for the Chi-Square distribution. In

essence, it identifies the point on the horizontal axis below which a specified percentage (or
probability) of the total area under the distribution curve lies. The structure of the function call is
straightforward and can be easily integrated into any SAS data step or procedure:

CINV(p, df)
Successful execution of the inverse calculation requires two fundamental parameters:

p: This parameter represents the cumulative probability. For standard one-tailed hypothesis

testing--the typical approach for Chi-Square--'p' is calculated as 1 minus the significance level

(a). If a researcher selects a conventional alpha of 0.05, the cumulative probability 'p' must be set
to 1 - 0.05 = 0.95. This value explicitly represents the non-rejection area, or the area under the
curve to the left of the critical value.

df: This stands for the degrees of freedom. The 'df' value is intrinsically linked to the experimental

design and the size of the data structure. For example, when conducting a Chi-Square test of
independence using a contingency table, the degrees of freedom are derived using the formula
(number of rows - 1) $times$ (number of columns - 1).

Accurately defining both the cumulative probability (p) and the degrees of freedom (df) is
absolutely essential for harnessing the power of the CINV function and obtaining the precise critical
value needed for rigorous statistical inference.

Practical Example 1. Calculating the Critical Value at Alpha = 0.05

To illustrate the direct practical utility of CINV, let us simulate a common statistical scenario within
the SAS programming environment. Suppose we are preparing a Chi-Square test and have
chosen the standard significance level (a) of 0.05. Furthermore, based on the structure of our

categorical data, we have determined that we have 11 degrees of freedom to account for in the

analysis.

As established by the definition of the CINV function, our first step is calculating the cumulative
probability ('p"): 1 - 0.05 = 0.95. We then input the probability (0.95) and the degrees of freedom
(11) directly into the function call. The following SAS code snippet demonstrates exactly how this
calculation is executed, with the resulting critical value being stored in a dataset and immediately
displayed in the output log:
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[*create dataset that contains Chi-Square critical value*/
data my_data,;

critical_val=cinv(.95, 11);

put critical_val=;

run;

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

Obs | critical_val

1 19.6751

Upon execution, the SAS output provides the precise Chi-Square critical value corresponding to

these parameters. As clearly shown in the display, for an alpha level of 0.05 and 11 degrees of
freedom, the calculated critical value is exactly 19.67514. This mathematically derived value now
serves as the authoritative reference point against which the calculated Chi-Square test statistic
from our sample data must be compared.

Interpreting the Critical Value and the Decision Rule

Once the critical value is accurately determined using the CINV function, it immediately assumes
its central role in the ultimate decision-making phase of hypothesis testing. Analysts must strictly

compare the Chi-Square test statistic (derived directly from their sample data) against this
calculated critical threshold. Continuing with the results from our previous example, the critical
value of 19.67514 precisely defines the starting point of the rejection region under the Chi-Square
curve.

Specifically, if the calculated Chi-Square test statistic is numerically greater than 19.67514, this
strong statistical deviation from the expected values implies that the observed data is highly
improbable if the null hypothesis were truly correct. Therefore, the results are deemed statistically
significant at the 0.05 level, leading to the necessary rejection of the null hypothesis in favor of the
alternative hypothesis. Conversely, if the test statistic falls below or is equal to 19.67514, it resides
within the acceptance region. This outcome indicates insufficient statistical evidence to conclude a
statistically significant difference or association exists, and the null hypothesis is retained.

This clear and objective decision framework is a fundamental pillar of frequentist statistics. By
establishing a critical value based on a predetermined level of risk (alpha), the process ensures
consistency, transparency, and reproducibility across diverse statistical studies, providing a reliable
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basis for drawing conclusions.

Impact of Changing the Significance Level on Critical Values

A crucial consideration in statistical testing is understanding the direct relationship between the
chosen alpha level and the resulting critical value. Employing a smaller significance level (e.g.,

shifting from $alpha = 0.05$ to $alpha = 0.01$) imposes a much stricter criterion for the rejection of
the null hypothesis. Requiring this stronger level of evidence naturally necessitates a larger critical
value. This increase effectively shrinks the rejection region, ensuring that only the most extreme
and least probable statistical results are accepted as statistically significant.

To empirically demonstrate this relationship, let us use the CINV function to find the Chi-Square
critical value using a more stringent alpha of 0.01, while keeping the structural complexity
consistent at 11 degrees of freedom. For the CINV function input, the cumulative probability 'p’

must now be recalculated as 1 - 0.01 = 0.99.

The corresponding SAS code is adjusted simply by updating the cumulative probability parameter
from 0.95 to 0.99:

[*create dataset that contains Chi-Square critical value*/
data my_data;

critical_val=cinv(.99, 11);

put critical_val=;

run;

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

Obs | critical val

1 24.7250

The output confirms that the Chi-Square critical value for an alpha of 0.01 is now significantly
larger at 24.7250. This value is substantially higher than the 19.67514 obtained at the 0.05 level.
This comparison clearly highlights the direct statistical trade-off: a lower tolerance for Type | error
(a smaller alpha) requires a greater critical value, thus demanding much stronger empirical
evidence to confidently declare a finding statistically significant. Historically, these values were
retrieved from printed Chi-Square tables, but the CINV function now provides the same, precise

mathematical results instantly.
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Conclusion: Streamlining Statistical Decision Making in SAS

The CINV function is an essential and indispensable utility for any analyst or researcher performing
Chi-Square tests within the SAS environment. It completely automates and validates the crucial
process of critical value determination, allowing for faster and substantially more accurate
hypothesis testing. By thoroughly understanding its inverse cumulative distribution logic and
ensuring the correct input of the cumulative probability and the degrees of freedom, statistical
results can be interpreted with the highest degree of confidence and precision.

We strongly encourage all practitioners seeking to optimize their statistical modeling and data
manipulation abilities in SAS to explore this and other powerful built-in functions. Expanding your
command over the core statistical functions in SAS is the key to unlocking more complex and
powerful analytical techniques, moving beyond rudimentary methods to achieve advanced data
insights.

Additional Resources

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