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The Central Limit Theorem (CLT) is one of the most fundamental concepts in statistics, providing a

crucial bridge between descriptive analysis and inferential methods. It asserts that if we take
sufficiently large random samples from any population distribution, the sampling distribution of the
sample mean will approach a normal distribution, regardless of the shape of the original population
distribution. This powerful concept allows statisticians to apply techniques designed for normal

data even when the underlying population is skewed or non-normal, provided the sample size is
typically greater than 30.

The Significance of the Central Limit Theorem (CLT)

The primary importance of the CLT lies in its guarantee of approximate normality for the
distribution of sample means. When analyzing data, researchers rarely have access to the entire
population; instead, they rely on subsets known as samples. The CLT ensures that conclusions
drawn from these samples regarding the population mean are reliable because the distribution of
these sample means follows a predictable, well-defined shape--the bell curve. This simplification is
essential for hypothesis testing and constructing confidence intervals, making complex statistical
inference tractable.

The theorem's validity hinges critically on the size of the sample, denoted by n. While smaller
samples might retain characteristics of the parent population's distribution, as n increases
(conventionally, n = 30), the aggregation of sample means tends rapidly toward a Gaussian shape.
This convergence is what allows us to use Z-scores and standard probability tables to calculate
probabilities associated with specific sample means, a practice that underpins much of statistical
guality control and academic research.

In essence, the CLT transforms a potentially complex statistical problem--analyzing an unknown or
non-normal population--into a standardized one by focusing on the behavior of the sample
averages. This robustness against the original population's shape makes it an indispensable tool
for researchers who need to draw broad conclusions from limited data sets.

Key Properties of the Sample Mean Distribution

Beyond guaranteeing approximate normality, the Central Limit Theorem precisely defines the

parameters of this newly formed sampling distribution. Understanding these two properties--the

mean and the standard deviation (often called the standard error)--is crucial for accurate probability
calculations on devices like the TI-84 calculator. These properties allow us to standardize the
distribution and effectively use the normal distribution functions available in the calculator's
software.

The central limit theorem also states that the sampling distribution will have the following
properties:
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The mean of the sampling distribution (often denoted $bar{x}$) will be equal to the mean of the
population distribution ($mu$):

X=u

The standard deviation of the sampling distribution, known formally as the Standard Error of the

Mean, will be equal to the standard deviation of the population ($sigma$) divided by the square
root of the sample size ($sqrt{n}$):

s=0/vn

This second property is particularly important, as it shows that the spread of the sample means is
always smaller than the spread of the individual values in the population. The term Standard Error
specifically quantifies the average deviation of the sample means from the true population mean,
making it the appropriate measure of variability when analyzing samples under the CLT.

Calculating Probabilities Using the TI-84 normalcdf() Function

When we need to find probabilities related to a specific sample mean falling within a certain range,
we utilize the standard normal distribution functions available on the TI-84 calculator. The primary
tool for this task is the normalcdf() function (Normal Cumulative Distribution Function). This
function calculates the cumulative probability, which corresponds to the area under the sampling
distribution curve between two defined limits.

Because we are working with the distribution of sample means, we must ensure that the mean and

standard error parameters passed into the function adhere to the CLT properties described
previously. We use the population mean ($mu$) for the mean parameter and the standard error
($sigma / sqrt{n}$) for the standard deviation parameter. Failing to use the standard error will result
in an incorrect calculation, as it would treat the problem as a single observation from the population
rather than an average from a sample.

The correct syntax for calculating probabilities related to the sample mean on a TI-84 calculator
using normalcdf() is structured as follows:

normalcdf(lower value, upper value, x, s/vn)

In the context of the CLT application, the essential parameters are:

lower value: The minimum boundary of the range of interest (or $-infty$, represented by -1E99 for
"less than" problems).

upper value: The maximum boundary of the range of interest (or $+infty$, represented by 1E99
for "greater than" problems).
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x (mu): The population mean ($mu$).
s/Vn (Standard Error): The population standard deviation ($sigma$) divided by the square root of

the sample size (n).

Accessing the normalcdf() Function on the TI-84

Accessing the probability distribution functions on the TI-84 is straightforward, requiring only a few
button presses. It is essential to correctly locate this function as it resides within the Distribution
menu of the calculator, which is dedicated to statistical probability calculations.

To access the normalcdf() function on a TI-84 calculator, follow this precise sequence of
commands: press the 2nd key, then press the VARS key (which accesses the DISTR menu). Once
in the Distribution menu, scroll down to the option labeled normalcdf( and press ENTER to select it.

If using a newer TI-84 Plus CE model, the calculator will prompt you with a statistical wizard
requesting the Lower, Upper, $mu$, and $sigma$ values. For older models, you must manually
type the parameters separated by commas immediately after the function name appears on the
home screen. Regardless of the model, accuracy in entering the Standard Error term is paramount;
always input the expression ($sigma / sqrt{n}$) exactly as shown to ensure the calculator uses the
correct variability measure for the sampling distribution.
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The following examples demonstrate how to utilize this powerful function in practical scenarios

involving the Central Limit Theorem. Each example illustrates a different type of probability query
based on the range of interest.

Example 1: Calculating Probability Between Two Sample Means

Consider a scenario where a certain population has a population mean ($mu$) of 70 and a
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standard deviation ($sigma$) of 7. If we select a random sample of size $n = 35%, we want to find

the probability that the sample mean falls between 68 and 72. Since $n = 35$ is greater than 30,
we can confidently apply the CLT.

First, we define our necessary parameters: the lower bound is 68, the upper bound is 72, the mean
($mu$) is 70, and the standard error is calculated as $sigma / sqrt{n} = 7 / sqrt{35}$. The TI-84
calculator handles the calculation of the standard error directly if entered in the expression format
within the function call.

We utilize the normalcdf() function with these specific inputs:

normalcdf(68, 72, 70, 7/V35)

By executing this command on the calculator, we are finding the cumulative probability area under
the sampling distribution curve (centered at 70 with a standard error of $7/sqrt{35}$) between the

values of 68 and 72. This calculation provides the likelihood of observing a sample average within
this narrow interval.

WINDOW Z00M TRACE GRAPH

Upon calculation, the TI-84 yields the result. The probability that the sample mean falls between 68
and 72 is approximately 0.909. This indicates a very high likelihood that a randomly selected
sample mean will fall within two units of the population mean, reflecting the reduced variability
associated with the sampling distribution compared to the population distribution.

Example 2: Determining Probability for Values Greater Than the Mean

Suppose a population has a mean ($mu$) of 50 and a standard deviation ($sigma$) of 4. If a

random sample of size $n = 30%$ is selected, we need to find the probability that the sample mean
is greater than 48. Since $n = 30$, the CLT applies, and the sampling distribution is approximately
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normal.

In this scenario, our lower bound is 48, as we are interested in all values starting from 48 and
extending indefinitely upward. Since we do not have a defined upper limit, we must use a
sufficiently large positive number to represent positive infinity. On the TI-84, this is achieved using
scientific notation: 1E99. Our standard error remains $sigma / sqrt{n} = 4 / sqrt{30}$.

We set up the normalcdf() function with 48 as the lower limit and E99 as the upper limit:
normalcdf(48, E99, 50, 4/V30)
Note: You can access the scientific notation "E" symbol by pressing the 2nd key and then pressing

the , key (labeled EE). This command effectively tells the calculator to integrate the probability
density function from 48 to positive infinity.

) e WINDOW Z00M TRACE GRAPH

The resulting calculation shows the probability that the sample mean is greater than 48 is
approximately 0.9969. This high probability reflects the fact that 48 is below the center of the
distribution (the mean of 50), and only a tiny portion of the right tail remains below 48.

Example 3: Calculating Probability for Values Less Than One Value

Consider a population where the mean ($mu$) is 20 and the standard deviation ($sigma$) is 3. If

we select a random sample of size $n = 40$, we aim to determine the probability that the sample
mean is less than 19. With $n=40$, the conditions of the CLT are met.

For "less than" problems, the upper bound is 19, and the distribution extends infinitely to the
negative side. We use -E99 to represent negative infinity as our lower bound. The standard error is
calculated as $3 / sqrt{40}$. This configuration allows the normalcdf() function to calculate the left-
tail probability accurately.
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We input the following syntax into the TI-84 calculator:
normalcdf(-E99, 19, 20, 3/V40)
When entering -E99, ensure you use the negative sign key (usually below 3) for the initial sign,

followed by the EE function to avoid a syntax error. This calculation will measure the total area
under the sampling distribution curve from negative infinity up to the sample mean of 19.

WINDOW Z00M TRACE GRAPH

The computation yields a probability of approximately 0.0175. This low value indicates that it is
highly unlikely--less than a 2% chance--to observe a sample mean of 19 or less when the true
population mean is 20, suggesting that 19 lies far out in the left tail of the sampling distribution.

Interpreting the Results and Practical Applications

The ability to calculate these probabilities using the TI-84 calculator is fundamental to statistical
inference. By relying on the normal distribution approximation guaranteed by the CLT, we can

determine how unusual or likely any given sample outcome is. This is the cornerstone of
hypothesis testing, where a calculated probability (p-value) is compared against a significance
level to reject or fail to reject a null hypothesis regarding the population mean.

Furthermore, the concept of the Standard Error ($sigma / sqrt{n}$) highlights the critical impact of

sample size (n) on precision. As n increases, the standard error decreases, leading to a narrower,
taller sampling distribution. This indicates that the sample means cluster more closely around the

population mean ($mu$). In practical terms, larger sample sizes result in greater statistical power,
offering more reliable estimates of population parameters derived from sample statistics.

Mastering the use of the normalcdf() function with the appropriate mean ($mu$) and standard
error ($sigma / sqrt{n}$) parameters on the TI-84 is a prerequisite for advanced statistical analysis.
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This skill allows students and professionals to confidently move from raw sample observations to
statistically sound population-level inferences, facilitating data-driven decision-making across

numerous fields.
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