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Learning to Calculate and Interpret T Critical Values in R for T-Tests

The Role of the T Critical Value in Statistical Inference

Whenever you conduct a t-test, a fundamental procedure in inferential statistics used to determine
if there is a significant difference between the means of two groups, the analysis yields a
calculated test statistic. This value represents how many standard errors the sample mean is from
the hypothesized population mean. To determine if the results of the t-test are truly statistically
significant--meaning the observed difference is unlikely due to random chance alone--you must
compare this test statistic to a specific threshold known as the t critical value.

The t critical value acts as the boundary or cutoff point that defines the regions of rejection in the t
distribution. If the absolute value of the calculated test statistic exceeds this t critical value, we
conclude that the observed data falls within the rejection region, prompting us to reject the null
hypothesis in favor of the alternative hypothesis. This comparison is central to the traditional
frequentist approach to hypothesis testing, offering a clear, quantitative measure for decision-
making.

Historically, the t critical value could be found by using a statistical table, often referred to as a T-
table, which tabulates these values based on the distribution's shape. However, modern statistical
practice, particularly when utilizing computational tools like R, allows for precise calculation of this
value without relying on manual lookups. Regardless of the method used, identifying the correct
critical value requires careful consideration of the test parameters.

To find the appropriate t critical value tailored to your specific hypothesis test, you need to specify
two essential inputs that characterize the shape and scale of the t distribution:

A significance level (significance level is typically denoted as alpha, common choices are 0.01,

0.05, and 0.10, representing the acceptable risk of a Type | error)
The degrees of freedom (degrees of freedom, which is related to the sample size and the specific

type of t-test being performed)

Using these two foundational values, which define the confidence level and the shape of the
sampling distribution, you can accurately determine the specific t critical value to be compared
directly with your calculated test statistic.

How to Find the T Critical Value in R Using qt()

The R statistical programming environment provides a suite of powerful functions for working with
probability distributions. To calculate the t critical value in R--which is mathematically equivalent
to finding the quantile of the t distribution--you utilize the qt () function. This function is designed to
return the quantile associated with a specified probability (or area) under the t distribution curve,
given the required degrees of freedom.
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The core syntax for the gt () function is straightforward yet flexible, allowing users to define
whether they are looking for the probability from the left tail or the right tail of the distribution.
Understanding these parameters is crucial for correctly applying the function in the context of one-
tailed or two-tailed hypothesis tests. The function requires three primary arguments to execute the
calculation successfully.

The general structure of the function call in R is as follows:
gt(p, df, lower.tail=TRUE)
Here is a detailed breakdown of the required arguments:

p: This is the probability (or area) in the tail(s) of the distribution, which is directly derived from the
chosen significance level (alpha). For two-tailed tests, this probability must be divided by two
(alpha/2).

df: This represents the degrees of freedom of the t distribution, calculated based on the sample

size and the specific experimental design (e.g., N-1 for a one-sample t-test).

lower.tail: This logical argument determines which portion of the distribution the probability p
refers to. If set to TRUE (the default), the function returns the t-value corresponding to the
probability to the left of p in the t distribution (useful for left-tailed tests). If set to FALSE, the
function returns the t-value corresponding to the probability to the right of p (useful for right-tailed
tests).

The following practical examples illustrate precisely how to manipulate the gt () function
arguments to find the t critical value for the three standard types of hypothesis tests: the left-tailed
test, the right-tailed test, and the two-tailed test. These examples use a fixed significance level of

0.05 and 22 degrees of freedom for consistency, allowing for clear comparison across the different

test types.

Left-tailed Test Calculation

A left-tailed test is employed when the alternative hypothesis predicts that the true population
parameter is less than the null hypothesis value. Consequently, the rejection region lies entirely in
the left (lower) tail of the t distribution. To find the t critical value for this scenario, we use the full
significance level (alpha) as the probability argument p, and we ensure the | ower . t ai | argument
is set to TRUE.

Suppose we wish to determine the t critical value for a left-tailed test using an alpha of 0.05 and a
sample resulting in 22 degrees of freedom. This means we are looking for the t-score below which

5% of the distribution lies. The R code executes this requirement directly:
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#find t critical value for a left-tailed test
gt(p=.05, df=22, lower.tail=TRUE)

-1.717144
The calculated t critical value is -1.7171. This negative value establishes the boundary of the

rejection region on the left side. Therefore, if the calculated test statistic from the t-test is less than
this value (i.e., more negative than -1.7171), the results are considered statistically significant,

leading to the rejection of the null hypothesis.

Right-tailed Test Calculation

Conversely, a right-tailed test is utilized when the research hypothesis posits that the true
population parameter is greater than the null hypothesis parameter. In this scenario, the rejection
region is located exclusively in the right (upper) tail of the t distribution. To correctly calculate the
positive t critical value using gt (), we again use the full significance level (0.05) as p, but we

must explicitly set the | ower . t ai | argument to FALSE.

Setting | ower . t ai | =FALSE instructs R to calculate the t-score where the probability p (0.05) exists
to the right of that score. This ensures that the function returns the positive t critical value
corresponding to the upper 5% tail area.

#find t critical value for a right-tailed test
gt(p=.05, df=22, lower.tail=FALSE)

1.717144
The resulting t critical value is 1.7171. This positive value defines the upper limit of the non-

rejection zone. Consequently, if the calculated test statistic is greater than this value (i.e., further
out into the positive tail), the results of the test are deemed statistically significant, and the null

hypothesis is rejected.

Two-tailed Test Calculation

A two-tailed test is the most common application, used when the alternative hypothesis simply
suggests that the population parameter is different from the null hypothesis value (i.e., it could be
either greater than or less than). In this case, the total significance level (alpha = 0.05) must be

split equally between the two tails of the t distribution. Each tail must contain an area equal to
alpha/2, which is 0.025 in this example.

To find the positive t critical value, we calculate the quantile associated with the upper tail (0.025
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probability). We use p=.05/2 and set | ower . t ai | =FALSE to focus on the right side of the
distribution. This gives us the positive boundary for the rejection region.

#find the positive t critical value
qt(p=.05/2, df=22, lower.tail=FALSE)

2.073873
Whenever you perform a two-tailed t-test, there will always be two symmetrical critical values: one
positive and one negative. In this specific case (alpha=0.05, df=22), the t critical values are

2.0739 and -2.0739. The symmetry of the t distribution ensures that the negative critical value is
simply the negative counterpart of the positive value found using the gt () function.

Thus, for the results of the t-test to be deemed statistically significant in the two-tailed scenario, the

calculated test statistic must satisfy one of two conditions: it must be less than -2.0739 (falling into
the lower rejection region) or greater than 2.0739 (falling into the upper rejection region). Any test
statistic falling between these two critical values indicates insufficient evidence to reject the null
hypothesis at the 0.05 significance level.

You can find more R tutorials covering statistical methodology and data analysis techniques.

You can find more R tutorials covering statistical methodology and data analysis techniques.
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