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Learning to Calculate Normal Probabilities Using a TI-84 Calculator

The normal distribution, often recognized globally as the Gaussian distribution or the classic bell

curve, stands as the single most fundamental and critical distribution in the field of statistics. Its
elegant mathematical properties allow analysts and researchers to accurately model an immense
variety of real-world phenomena, ranging from biological measurements like human height and
weight to technical applications such as financial market fluctuations and experimental
measurement errors. This comprehensive guide is designed to serve as an authoritative tutorial,
explaining how to effectively utilize the powerful built-in statistical functionalities available on the
T1-84 graphing calculator to precisely determine probabilities associated with the normal

distribution.

Mastering the TI-84 for normal distribution computations relies entirely on differentiating between
and correctly applying its two specialized functions: normalpdf() and normalcdf(). A firm grasp of
the theoretical distinction between the probability density function (PDF) and the cumulative

distribution function (CDF) is paramount for performing accurate and meaningful statistical
analysis.

Understanding the Core Functions: normalpdf vs. normalcdf

The normalpdf() function is specifically engineered to calculate the height of the probability curve--
that is, the value of the probability density function (PDF)--at a single, designated point x. It is
crucial to remember that for any continuous distribution, the probability at a single exact point is
mathematically zero. Consequently, normalpdf() does not calculate probability over an interval;
rather, it provides a relative measure of density. While infrequently used for solving standard
probability questions, its primary utility lies in advanced applications such as graphing the
distribution curve or comparing the relative densities of different datasets.

The function requires three inputs to define the specific normal curve and the point of interest. The
standard syntax is defined as follows:

normalpdf(x, W, o) returns the probability density associated with the normal distribution curve,
where:

x = the specific individual value or score for which the density is being calculated.

K = the population mean, which dictates the exact center point of the bell-shaped curve.

o = the population standard deviation, which quantifies the horizontal spread or variability of the
distribution.

In sharp contrast, the normalcdf() function is the essential tool for nearly all practical probability
calculations. The CDF stands for the cumulative distribution function, which calculates the area

under the curve between two specified points. Since probability in a continuous distribution is
defined by the area (or the integral) under its density function, normalcdf() is the workhorse
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function utilized by students and professionals alike to determine the likelihood of an event
occurring within a given interval.

The structure of the cumulative function requires the definition of the boundaries of the interval,
along with the defining parameters of the distribution:

normalcdf(lower_x, upper_x, W, o) returns the cumulative probability associated with the normal
distribution between the specified lower and upper values.

lower_x = the minimum value that defines the starting point of the interval of interest.
upper_x = the maximum value that defines the ending point of the interval of interest.
K = the population mean (center).

o = the population standard deviation (spread).

Locating and Executing Distribution Functions on the TI-84

Accessing these crucial statistical functions is a systematic process on the TI-84 graphing
calculator. All probability distribution calculations, including binomial, Poisson, and, most
importantly, the normal distribution functions, are centrally grouped within a dedicated menu. This
menu is universally labeled DISTR (for Distributions) and is accessed as a secondary function of
the VARS key, typically located in the middle-right section of the calculator keyboard.

To initiate the calculation process and gain access to the normalpdf() and normalcdf()
commands, the user must first press the primary modifier key, 2nd, and then immediately press the
vars key. This specific sequence instantly brings up the DISTR screen, which presents a numbered
list of all available probability distribution types. On most TI-84 models, the normal distribution
functions occupy the first few positions in this list, ensuring quick selection.

After successfully navigating to the DISTR screen, the user must scroll down or input the
corresponding number to select the desired function. For the overwhelming majority of probability
guestions that seek the area over an interval, option 2: normalcdf() is the correct choice. Once
selected, modern TI-84 calculators (such as the TI-84 Plus CE) utilize a user-friendly wizard
interface that prompts the user to input the parameters--lower bound, upper bound, mean (u), and
standard deviation (0)--in the precise order required for an accurate calculation. Older models may
require manual entry of the parameters separated by commas directly onto the home screen.
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The following practical scenarios are designed to illustrate the application of normalcdf() across
the three fundamental types of probability questions encountered in statistics: calculating the area
in the upper tail, the lower tail, and a bounded interval.

Example 1. Normal Probability Greater Than X (Upper Tail)

When the objective is to determine the likelihood that a randomly selected value exceeds a specific
threshold, we are effectively calculating the area contained within the right, or upper, tail of the
normal distribution curve. Since the normalcdf() function is built to calculate the area between two

distinct points (a lower bound and an upper bound), we must employ a mathematical proxy to
represent positive infinity.

Question: Consider a normal distribution characterized by a mean (4) = 40 and a standard
deviation (o) = 6. Find the probability that a randomly selected observation is greater than 45.

To correctly solve this problem, the value 45 serves as our precise lower_x bound, defining the
starting point of the interval. Because we are looking for the probability "greater than 45," the
distribution theoretically extends indefinitely to the right. We must therefore input an extremely
large positive number, such as 10,000, 100,000, or the mathematically rigorous 1E99 (which
stands for 1 times 10 to the power of 99), to simulate this upper boundary effectively. Given the
tight spread of the data around the mean of 40 (with a standard deviation of 6), the probability
mass beyond a point like 10,000 is negligibly small, making it a perfectly adequate proxy for
infinity.

Answer: The TI-84 command requires inputting the lower bound, the infinity proxy, the mean, and
the standard deviation, following the structure normalcdf(lower_x, upper_x, W, 0):

normalcdf(45, 10000, 40, 6) = 0.2023

The resulting probability, 0.2023, indicates that approximately 20.23% of the values within this
distribution are expected to fall above the value of 45. Using a large number like 10000 or 1E99 as
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the upper bound ensures that the calculator integrates the area all the way to the far right side of
the curve, covering the entire probability mass beyond the starting point of 45.

Example 2: Normal Probability Less Than X (Lower Tail)

The calculation for finding the probability that a value is less than a specific point requires
integrating the area contained within the left, or lower, tail of the distribution. This scenario is the
conceptual mirror image of the upper tail problem. Here, the specified value becomes the upper_x
bound, and we must define a sufficiently small negative number to represent negative infinity,
which serves as our lower_x bound.

Question: For a normal distribution with a mean (1) = 100 and a standard deviation (o) = 11.3,

calculate the probability that a randomly selected observation is less than 98.

In this setup, 98 establishes the strict upper limit of our interval. The lower limit must effectively
capture the entire left side of the distribution extending infinitely toward negative values. To
achieve this on the TI-84, a large negative value such as -10,000 or -1E99 is employed. It is
important that this proxy value is many standard deviations away from the mean (100) relative to
the given standard deviation (11.3) to ensure that the entire relevant probability mass is included in
the integration.

Answer: The command format is normalcdf(lower_x, upper_x, |, 0), utilizing the negative infinity
proxy for the starting point:

normalcdf(-10000, 98, 100, 11.3) = 0.4300

The calculated probability of 0.4300 indicates that 43.00% of the observations in this distribution
are expected to fall below the value of 98. By using a sufficiently large negative number for the
lower bound, the calculator performs the necessary integration from the extreme left boundary of
the distribution up to the specified upper value of 98, providing the cumulative area.

Example 3: Normal Probability Between Two Values (Interval)

The most direct and frequently encountered application of the normalcdf() function involves
determining the probability that a value lies strictly within a bounded interval. This scenario is
simpler than the tail calculations because both the lower and upper limits of the interval are
explicitly provided in the problem statement. Consequently, there is no need to utilize the "infinity"
proxy values like 10000 or -10000, simplifying the setup considerably.

Question: Given a normal distribution with a mean (1) = 50 and a standard deviation (o) = 4,

determine the probability that a randomly selected value falls between 48 and 52.
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To calculate this area, we simply designate the smaller value, 48, as the lower_x bound and the
larger value, 52, as the upper_x bound. The TI-84 is instructed to calculate the precise area under
the normal curve that is contained between these two points. This area represents the exact
probability of observing a value within this specific range defined by the interval .

Answer: We input the bounds directly into the function: normalcdf(lower_x, upper_x, U, 0):
normalcdf(48, 52, 50, 4) = 0.3829

This result demonstrates that approximately 38.29% of the distribution's values are expected to fall
between 48 and 52. Since the interval extends 2 units above and 2 units below the mean of 50,

this corresponds to an interval that spans exactly one-half of a standard deviation (2 units) on
either side of the center.

Example 4. Normal Probability Outside of Two Values (Two Tails)

Determining the probability that a value falls outside of a specified central range involves
calculating the combined area of both the extreme far left tail and the extreme far right tail of the
distribution. This two-tailed calculation is frequently required in hypothesis testing and significance
testing, where the analyst is looking for observations that are unusually far from the mean.

Question: For a normal distribution with a mean (1) = 22 and a standard deviation (o) = 4, find the

probability that a value is less than 20 or greater than 24.

Because the normal distribution is continuous, and the events "less than 20" and "greater than 24"
are mutually exclusive (they cannot happen simultaneously), the total probability is the sum of the
probabilities of the two separate events. We must calculate the area of the left tail (up to 20) and
the area of the right tail (from 24 onward), using the appropriate infinity proxy values for each
calculation: -10000 for the left tail's lower bound and 10000 for the right tail's upper bound.

Answer: The solution requires two separate normalcdf() calls, which are then summed together.
The required structure is: normalcdf(Left Tail Start, 20, Y4, o) + normalcdf(24, Right Tail End, y, 0):

normalcdf(-10000, 20, 22, 4) + normalcdf(24, 10000, 22, 4) = 0.6171

An alternative, often simpler method for obtaining this result is to first calculate the probability
*within* the interval (between 20 and 24) and then subtract that result from 1 (representing 100%
of the total probability). However, the summation method shown above provides a clear, direct
calculation of the combined area in the tails using the TI-84's cumulative density function. This
combined probability of 0.6171 means that over 61% of the observations fall outside the range of
20 to 24.
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