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Introducing the TINV Function in SAS for Statistical Inference

The TINV function within the SAS statistical software environment is an essential tool for

guantitative analysts and researchers. Specifically designed for calculations involving the
Student's t-distribution, TINV performs the inverse cumulative distribution function. This

capability allows users to efficiently and accurately determine the critical values required for

rigorous hypothesis testing. By supplying the cumulative probability (P) and the relevant
degrees of freedom (DF), TINV returns the precise t-score that establishes the boundary of the

specified rejection region.

Critical values form the foundation of inferential statistics, serving as the necessary threshold
against which observed data is evaluated. They guide the decision process: whether the empirical
evidence is strong enough to compel the rejection of the null hypothesis. The determination of the

correct critical value is critically dependent on two primary inputs: the chosen significance level

(alpha) and the structure of the statistical test. Tests can be categorized as either one-tailed
(directional) or two-tailed (non-directional) assessments. This comprehensive guide is structured to
elucidate the TINV function's syntax and provide detailed, practical application examples across
these varying testing paradigms.

The inherent versatility of the TINV function establishes it as a vital asset for professionals who

rely on SAS for interpreting statistical outcomes with optimal accuracy. Whether the analytical task
involves fundamental mean comparisons or more complex inferential procedures, mastering the
precise application of TINV is paramount for ensuring statistically sound, data-driven conclusions.
The subsequent sections will meticulously detail the function's structural requirements and provide
clear, illustrative examples demonstrating its utility in common statistical analysis scenarios.

Deconstructing the TINV Function's Essential Syntax

The syntax of the TINV function in SAS is straightforward and logical, facilitating ease of use for

analysts regardless of their statistical proficiency. The function demands only two mandatory
arguments to successfully execute the inverse cumulative distribution calculation, represented
simply as:

TINV(p, df)

A clear understanding of these arguments is essential for accurate results. Let us define the role of
each required component within the function:

The first argument, p, specifies the desired cumulative probability. Crucially, this value determines
the total area under the t-distribution curve that lies to the left of the critical value being calculated.
In the context of hypothesis testing, 'p' is directly derived from the chosen significance level
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(alpha). Specifically, for left-tailed tests, 'p' is set equal to alpha. For right-tailed tests, 'p' must be
calculated as 1 minus alpha to account for the area to the left of the critical point. Most importantly,
in the case of two-tailed tests, 'p' is typically set to alpha divided by 2 to isolate the critical value
corresponding to the left tail.

The second argument, df, represents the degrees of freedom. This parameter is integral to

defining the specific shape and characteristics of the t-distribution. In most standard single-
sample tests, degrees of freedom are calculated as the sample size (n) minus one (n-1). Degrees
of freedom reflect the number of independent pieces of information available for estimating a
population parameter. It is noteworthy that as the degrees of freedom increase, the t-distribution

curve progressively approaches the shape of the standard normal distribution.

By defining these two parameters precisely--the targeted cumulative probability and the
appropriate degrees of freedom--the TINV function successfully computes the exact t-score. This

resulting t-value then serves as the essential benchmark against which the analyst's calculated
test statistic is compared to determine if the observed outcome has achieved statistical

significance.

The Crucial Distinction: One-Tailed vs. Two-Tailed Hypotheses

Prior to implementing the TINV function, it is absolutely essential to establish a solid conceptual
understanding of the difference between one-tailed and two-tailed hypothesis testing. This

fundamental choice dictates how the 'p' argument must be structured within the TINV function, and
the selection of the correct test structure is always driven by the specific research question and the
directional nature of the proposed alternative hypothesis.

A one-tailed test, often referred to as a directional test, is employed when the alternative

hypothesis predicts that the observed effect will manifest in only one specific direction (e.g., an
increase, a decrease, or being less than a certain value). In a left-tailed test, the entirety of the
critical region is situated in the lower extreme of the distribution, seeking evidence that the
population parameter is significantly smaller than the hypothesized value. Conversely, a right-
tailed test concentrates the critical region exclusively in the upper extreme, searching for evidence
that the parameter is significantly larger. In both directional cases, the entirety of the chosen
significance level (alpha) is allocated to that single tail.

Conversely, the two-tailed test, or non-directional test, is utilized when the alternative hypothesis
merely posits that the population parameter is different from the hypothesized value, without
specifying whether that difference is positive or negative. In this scenario, the total rejection region
must be divided symmetrically between both the upper and lower tails of the distribution. This
approach necessitates the calculation of two distinct critical values, one positive and one

negative, each corresponding to half of the total significance level. A careful recognition of the
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test's nature is indispensable for accurate statistical inference and the proper utilization of the TINV
function.

Example 1. Calculating the Left-Tailed Critical Value

We begin with a practical illustration that requires us to determine the t critical value for a left-
tailed test. For this specific scenario, let us assume we have established a significance level

(alpha) of 0.05, and our statistical analysis provides us with 22 degrees of freedom. Given that
the left-tailed test concentrates the entire alpha level in the lower tail of the distribution, the
cumulative probability 'p' required by the TINV function is precisely the significance level itself.

To instruct SAS to find the t-value below which 5% of the distribution's area is located, we input
0.05 as the probability argument. The subsequent SAS code snippet efficiently executes this
necessary calculation:

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

critical_val=tinv(.05, 22);

put critical_val=;

run;

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

Obs | critical_val

1 -1.71714

The resulting t critical value is calculated as -1.71714. This negative value precisely defines the
upper boundary of the left-sided rejection region. If the calculated test statistic derived from the
sample data falls below this threshold (i.e., is more negative than -1.71714), the outcome is
correctly deemed statistically significant at the 0.05 level. Achieving this significance leads

directly to the rejection of the null hypothesis, confirming sufficient evidence for the directional

alternative hypothesis.

Example 2: Calculating the Right-Tailed Critical Value

We now shift our focus to the procedure for accurately determining the t critical value required for a
right-tailed test. For consistency, we will retain the previous parameters: a significance level of
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0.05 and 22 degrees of freedom. In the context of a right-tailed test, our objective is to find the t-
value that precisely marks the lower boundary of the upper 5% area of the distribution.

Since the TINV function intrinsically operates based on cumulative probability (i.e., the area to the
left of the critical point), we must meticulously calculate the necessary 'p' argument. If 5% (0.05) is
situated in the right tail, then it logically follows that 95% (or 1 - 0.05) of the distribution lies to the
left of the desired critical point. Consequently, we must input 0.95 into the TINV function. The SAS
code below clearly illustrates this crucial calculation step:

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

critical_val=tinv(.95, 22);

put critical_val=;

run;

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

Obs | critical_val

1 1.71714

The resulting output reveals that the t critical value is 1.71714. This positive value establishes the
precise lower limit of the right-sided rejection region. When the calculated test statistic surpasses
this value (i.e., is greater than 1.71714), the results are considered statistically significant.

Rejecting the null hypothesis in this context provides robust evidence supporting the alternative

hypothesis in the specified positive direction, based on 22 degrees of freedom.

Example 3: Determining Critical Values for a Two-Tailed Test

Our final analytical example focuses on the two-tailed test, which is the appropriate methodology
for detecting any significant deviation--whether positive or negative--from a hypothesized
population mean. We will again use a significance level of 0.05 and assume 22 degrees of

freedom are applicable to the sample.

For a two-tailed test, the total significance level (alpha) must be distributed symmetrically across
both extremes of the distribution. The total alpha (0.05) is therefore split equally, allocating 0.025
(2.5%) to the left tail and 0.025 (2.5%) to the right tail of the t-distribution. To find the critical value
for the left tail, which is required to establish the non-rejection interval, we utilize '0.05/2" as the 'p'
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argument. The TINV function, by leveraging the inherent symmetry of the distribution, will provide
the negative critical value directly:

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

critical_val=tinv(.05/2, 22);

put critical_val=;

run;

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

Obs | critical_val

1 -2.07387

For this two-tailed scenario, the two critical values that define the boundaries of the rejection

regions are -2.07387 and 2.07387. If the calculated test statistic falls outside this central non-
rejection interval (i.e., less than -2.07387 or greater than 2.07387), the result achieves statistically
significant status. This outcome implies that the observed difference is highly unlikely to have
occurred purely by random chance, leading to the rejection of the null hypothesis and providing

robust support for the alternative hypothesis that a meaningful difference exists.

Conclusion: Mastering TINV for Reliable Statistical Decisions

The TINV function is unequivocally an essential utility within the SAS programming environment,

enabling robust statistical inference and accurate hypothesis testing. Its core strength lies in its

capacity to precisely and efficiently determine the critical values derived from the t-distribution,

which are absolutely foundational for making evidence-based statistical decisions.

The effectiveness of TINV is directly reliant on the analyst's skill in accurately manipulating the
cumulative probability (‘p' argument) in accordance with the specific structure of the test being
conducted. As demonstrated through the examples, this parameter requires careful adjustment:
setting 'p' equal to alpha for left-tailed tests, 1 minus alpha for right-tailed tests, or alpha divided by
two for two-tailed tests.

By maintaining a precise understanding of the necessary degrees of freedom and correctly

defining the test type, users can confidently leverage the TINV function to interpret their calculated
test statistic and produce statistically sound and verifiable conclusions.
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Additional Resources for SAS Users

The following tutorials provide further explanations on how to perform other common statistical and

data manipulation tasks within the SAS environment:

statistics.arabpsychology.com
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