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In the expansive domain of statistical inference, executing a hypothesis test stands as a

foundational method for evaluating empirical data. This rigorous process determines whether
observational results provide sufficient evidence to reject the standing null hypothesis (H?). The
culmination of this testing procedure involves the computation of a single, powerful metric: the test
statistic. This value summarizes how far your sample findings deviate from what the null
hypothesis predicts.

To successfully conclude a test and assess the statistical significance of the results, the calculated
test statistic must be benchmarked against a specific, predetermined boundary known as the Z
critical value. This boundary is derived directly from the theoretical standard normal distribution

and acts as the decisive threshold.

The Z critical value precisely defines the limits of the acceptance and rejection regions. If the
absolute magnitude of your computed test statistic surpasses this critical threshold, the observed
data is considered sufficiently rare--or extreme--to challenge the premise of the null hypothesis.
Consequently, the results are declared statistically significant, leading to the rejection of H?.
Proficiency in determining this crucial cutoff point, particularly using an efficient tool like the TI-84
graphing calculator, is indispensable for performing accurate and reliable statistical analysis.

Understanding the Role of the Z Critical Value

The core function of the Z critical value is to delineate the rejection region(s) during a hypothesis

test concerning population means. This specific method is applicable when two conditions are met:
either the Population Standard Deviation (o) is known, or the sample size (n) is large enough

(typically n > 30) to justify the approximation of the sampling distribution using the standard normal
distribution.

This value is fundamentally tied to the chosen Significance Level, symbolized by a (alpha). The
significance level represents the predetermined risk or maximum probability of committing a Type |
error--the severe mistake of incorrectly rejecting a null hypothesis that is, in fact, true. For instance,
selecting an a of 0.01 implies the researcher is willing to accept only a 1% chance of making this
critical error.

The Z critical value translates the abstract probability of a into concrete Z-scores on the standard
normal curve. These Z-scores effectively "cut off" the area corresponding to a in the tail(s) of the
distribution, thereby establishing the exact boundaries for the decision rule. The methodology
required to calculate the Z critical value is entirely dependent on the nature of the test being
performed--specifically, whether the hypothesis test is classified as one-tailed (left or right) or two-

tailed.
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Utilizing the TI-84 Function: invNorm(probability, u, o)

To calculate the required Z critical value rapidly and precisely using a TI-84 graphing calculator,
statisticians rely on the inverse normal distribution function, denoted as invNorm(). This function is
technically the inverse cumulative distribution function (or quantile function). Its core purpose is to

determine the specific Z-score that corresponds to a given cumulative area (probability) under the
curve, requiring input for the mean (1) and standard deviation (o) of the distribution. When
calculating standard Z critical values, we always operate under the assumption of the standard
normal distribution.

The required syntax for entering this command into the TI-84 calculator follows a structured format:
invNorm(probability, u, o)
The arguments passed to the function must be carefully defined:

probability: This crucial argument represents the cumulative area located strictly to the left of the
Z-score you are attempting to find. Its value is derived directly from the chosen Significance Level
().

M (Mean): For all standard Z critical value calculations, the population mean is fixed at 0, aligning

with the properties of the standard normal distribution.
o (Standard Deviation): Similarly, the population standard deviation is always set to 1 for

standard Z critical value computations.

Accessing the invNorm() function is straightforward on the TI-84. Begin by pressing the 2nd key,
immediately followed by the vars key. This sequence opens the DISTR (Distributions) menu, where
invNorm() is listed alongside other essential statistical functions.

DRAMK
1:normaledf(
2:normalcdf(
EHinvNorm(
4:invT(
S:tpdf(
6:tcdf(
7:xX2pdf(
8:X2cdf(

The subsequent examples provide detailed demonstrations of how to correctly adapt the
probability input to calculate the required Z critical value for the three primary configurations of
hypothesis tests: left-tailed, right-tailed, and two-tailed.
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Example 1. Calculating the Z Critical Value for a Left-Tailed Test

In a left-tailed hypothesis test, the entire rejection region is situated exclusively in the negative, left

tail of the standard normal distribution curve. This testing scenario is employed when the
alternative hypothesis (H?) posits that the true population parameter is significantly less than the
value proposed by the null hypothesis. Since the invNorm() function inherently calculates the Z-
score corresponding to the cumulative area to its left, determining the critical value for a left-tailed
test represents the most direct application of the function.

Consider the following typical statistical problem:

Question: Determine the Z critical value for a left-tailed test where the Significance Level (a) is set
at 0.05.

Procedure: Because a = 0.05 precisely defines the area of the rejection region located in the far
left tail, we use this value directly as the probability input for the function. The standard normal
parameters (u=0, 0=1) remain constant.

TI-84 Input:

invNorm(.05, 0, 1)

Answer: The calculated Z critical value is -1.6449.

invNorm(.95,0,1)
-1.644853626

Interpretation: The critical boundary is established at Z = -1.6449. If the computed test statistic
derived from your sample data falls below -1.6449 (i.e., if it is more negative), the result has
entered the rejection region. This indicates that the finding is statistically significant at the a = 0.05
level, requiring the null hypothesis to be rejected.
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Example 2: Calculating the Z Critical Value for a Right-Tailed Test

When executing a right-tailed hypothesis test, the rejection region is confined solely to the positive,
right tail of the distribution. This approach is appropriate when the alternative hypothesis suggests

that the population parameter is significantly larger than the hypothesized null value. Since the
foundational principle of the invNorm() function is to calculate the cumulative area to the left of the
desired Z-score, a necessary adjustment must be applied to the input probability.

If the Significance Level (a) specifies the area in the right tail, we must determine the cumulative

area to the left of that boundary. This area is calculated as (1 - a). By inputting (1 - a), we ensure
that the function accurately returns the positive Z-score that successfully separates the central
acceptance area (1 - o) from the small rejection area (a) in the far right tail.

Question: Find the Z critical value for a right-tailed test using a Significance Level (a) of 0.10.

Procedure: We must first calculate the cumulative area to the left of the critical value: 1 - 0.10 =
0.90. This value (0.90) is then used as the probability argument in the invNorm() function.

TI-84 Input:

invNorm(1-.10, 0, 1)

Answer: The resulting Z critical value is 1.2816.

invNorm(1-.10,0,1)
1.281551567

Interpretation: The critical boundary for the test is Z = 1.2816. If the calculated test statistic
exceeds 1.2816, the result falls definitively within the right-tailed rejection region, thereby
establishing statistical significance at the a = 0.10 level.
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Example 3: Calculating the Z Critical Value for a Two-Tailed Test

A two-tailed hypothesis test is required when the alternative hypothesis suggests that the

population parameter is simply different from the hypothesized value, without specifying a direction
(it could be greater than or less than). In this common scenario, the total rejection region (a) is
mandated to be divided equally and symmetrically between the two extreme tails of the distribution.

To locate the pair of critical values, we must first divide the total Significance Level (a) by two. This

creates two distinct critical regions: a/2 in the far left tail (associated with a negative Z-score) and
a/2 in the far right tail (associated with a positive Z-score). We can efficiently use the invNormy()
function by inputting a/2 to find the negative critical value directly. Due to the perfect symmetry of
the standard normal curve, the positive critical value will simply be the absolute value of the
negative result.

Question: Find the Z critical values for a two-tailed test with a Significance Level (a) of 0.05.

Procedure: We calculate the area in the left tail (the required input for invNorm()): a/2 =0.05/2 =
0.025. This derived value is used as the probability argument.

TI-84 Input:

invNorm(.05/2, 0, 1)

Answer: The calculator returns the negative critical value: -1.96. Given the symmetry, the positive
critical value is 1.96. The pair of critical boundaries is thus -1.96 and 1.96.

invNorm(.05/2,0,1)
-1.959963986

Interpretation: These two critical boundaries define the central region of acceptance. If the
calculated test statistic is less than -1.96 or greater than 1.96, the result falls into one of the
designated rejection regions. If the test statistic lands outside this defined range, the observed
difference is considered statistically significant at the a = 0.05 level, leading to the rejection of the
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null hypothesis.

Summary of Best Practices and Interpretation

Developing mastery over the invNorm() function on the TI-84 calculator is a foundational step
toward making sound statistical decisions. The most critical principle to grasp is the intrinsic link
between the specific type of hypothesis test being performed and the corresponding probability
input required by the function. It is imperative to always remember that invNorm() calculates the Z-
score based exclusively on the cumulative area to the left, which demands meticulous calculation
of the input probability, particularly when dealing with right-tailed and two-tailed tests.

For efficient and quick reference during testing, here is a consolidated summary detailing the
necessary probability inputs based on the chosen Significance Level (a):

For a Left-Tailed Test: Use the Significance Level (a) directly as the probability input (e.qg.,
invNorm(a)).

For a Right-Tailed Test: Calculate 1 minus the Significance Level (1 - o) and use this result (e.g.,
invNorm(1-a)).

For a Two-Tailed Test: Calculate a divided by two (a/2) to find the negative critical value (e.g.,
invNorm(a/2)). The positive critical value is derived by taking the absolute value of this result,
establishing the symmetrical pair.

By rigorously applying these established input rules and comparing the resulting Z critical value to
the absolute magnitude of the calculated test statistic, analysts can ensure their statistical
conclusions are both accurate and robust.
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