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The Foundations of Geometric Distribution

The Geometric Distribution is a fundamental concept in the field of probability and statistics,

designed specifically to model a sequence of independent trials. It addresses a very specific

question: what is the likelihood that the first successful outcome occurs after a certain number of

failures? This distribution is essential when dealing with scenarios involving repetition until a

specific event is achieved, such as waiting for a light bulb to fail or finding the first person in a

survey who holds a specific opinion. Understanding the geometric distribution requires recognizing

its underlying assumptions, which define the structure of the trials being analyzed.

To accurately apply the geometric distribution, the trials must conform to the strict criteria of a

Bernoulli process. Primarily, each trial must be independent of the others--meaning the outcome of

one trial does not influence the outcome of the next. Furthermore, there must be only two distinct,

possible outcomes for every trial: success or failure. These are mutually exclusive events. This

binary nature simplifies the modeling process significantly, allowing statisticians to focus on the

count of failures experienced before the desired success finally materializes.

A crucial characteristic is that the probability of success, denoted as p, must remain constant

across every single trial in the sequence. If the probability of success changes--for example, if

sampling without replacement affects the population pool--then the geometric distribution is no

longer the correct model. When a random variable X follows a geometric distribution, it measures

the number of failures (k) encountered before achieving the first success. This is distinct from the

binomial distribution, which measures the number of successes in a fixed number of trials.

Calculating Point Probability using the Geometric Formula

If a random variable X precisely follows a geometric distribution, we can calculate the exact

probability of experiencing exactly k failures before the first success occurs. This calculation

utilizes the probability mass function (PMF) for the geometric distribution, which ties together the

probability of success (p) and the probability of failure (1-p). The resulting formula is elegant and

powerful, allowing for precise point estimates.

The mathematical definition for finding the probability that the first success occurs exactly on the

(k+1)-th trial (meaning exactly k failures preceded it) is given by:

P(X=k) = (1-p)kp

In this formula, (1-p) represents the probability of failure, often denoted as q. Since we must have k

consecutive failures followed immediately by one success, we multiply the probability of k failures

(q multiplied by itself k times, or qk) by the probability of the final success (p).
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k: This variable represents the exact number of consecutive failures that occur immediately before

the first success. Note that k can be any non-negative integer (0, 1, 2, 3, ...).

p: This is the constant probability of success on any individual trial.

For instance, if p = 0.25, and we want to know the probability of having exactly 3 failures before the

first success (k=3), the calculation would be P(X=3) = (1 - 0.25)³ * 0.25 = (0.75)³ * 0.25 = 0.421875

* 0.25 = 0.10546875. This fundamental understanding of the PMF is crucial before translating

these concepts into calculator functions.

Introduction to Cumulative Geometric Probability

While the point probability (P(X=k)) calculates the likelihood of a specific number of failures, often

in real-world scenarios, we are interested in a range of outcomes. This is where the concept of

cumulative probability becomes essential. The cumulative geometric probability calculates the

likelihood that the number of failures experienced until the first success is less than or equal to a

certain value k (P(X≤k)).

Calculating the cumulative probability involves summing the probabilities of all possible outcomes

from zero failures up to k failures: P(X≤k) = P(X=0) + P(X=1) + ... + P(X=k). Fortunately,

mathematical derivation provides a much simpler, closed-form expression for this summation,

allowing for direct calculation without iterating through every single possibility.

The formula for the cumulative probability that we experience k or less failures until the first

success is:

P(X≤k) = 1 - (1-p)k+1

This formula leverages the complement rule. The term (1-p)k+1 represents the probability of

having more than k failures before the first success. This is equivalent to having k+1 consecutive

failures, P(X>k). By subtracting this probability from 1, we isolate the cumulative probability P(X≤k).

Understanding the distinction between point probability (PMF) and cumulative probability (CDF) is

key to mastering the TI-84 functions used to compute them.

Leveraging the TI-84 Calculator Functions

The Texas Instruments TI-84 calculator is a powerful tool for applied statistics, simplifying complex

probability calculations. Instead of manually applying the formulas involving exponents and

complements, the TI-84 family of calculators includes built-in functions specifically tailored for the

geometric distribution, residing within the distribution menu (DISTR). These functions are designed

to handle both the point probability and the cumulative probability calculations automatically.

To calculate probabilities related to the geometric distribution on a TI-84 calculator, we primarily
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use two functions, which directly correspond to the PMF and CDF concepts detailed above:

geometpdf(probability, trials): This function calculates the Point Probability. It determines

P(X=k), the likelihood of achieving the first success exactly on the (k+1)-th trial (after k failures).

geometcdf(probability, trials): This function calculates the Cumulative Probability. It

determines P(X≤k), the likelihood of achieving the first success sometime on or before the (k+1)-th

trial (meaning k or fewer failures occurred).

Accessing these functions is straightforward. Users navigate to the distribution menu by pressing

2nd and then VARS (which accesses DISTR). Scrolling down reveals a comprehensive list of

distributions, including the geometric functions, typically found near the end of the list. The

parameters required by the calculator--`probability` (p) and `trials` (k)--must be input correctly to

yield the desired statistical result.

Example 1: Detailed Application of geometpdf()

Consider a practical scenario involving market research. Suppose a researcher is conducting an

intercept survey outside a library, asking individuals if they support a specific legislative proposal.

Through prior research, it is known that the constant probability that a given person supports the

law is p = 0.2. The researcher is interested in a very specific outcome: what is the precise

probability that the fourth person the researcher talks to is the very first person who expresses

support for the law?

In this context, if the first success occurs on the fourth trial, it means there were 3 failures (k=3)

followed by 1 success. Since we are looking for the exact probability of this specific sequence

(P(X=3)), we must employ the geometpdf() function on the TI-84 calculator. The parameters are

probability (p = 0.2) and the number of failures (k = 3).

To execute this calculation on the TI-84 calculator, follow these precise steps: First, press 2nd and

then press VARS (DISTR). Scroll down until you locate geometpdf() and press ENTER. The

calculator will prompt you for the inputs. You will enter the probability of success first, followed by

the number of trials (which represents k, the number of failures until success).

This sequence of actions leads to the following input screen on the TI-84:
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Then type in the following values--P: 0.2 and X Value: 3--and navigate to Paste before pressing

ENTER.

The calculator output will confirm the required probability. The probability that the fourth person the

researcher talks to is the first person to support the law is precisely 0.1024. This mathematically

means that 10.24% of the time, the researcher would have to interview exactly three non-

supporters before finding the first supporter.

Example 2: Comprehensive Use of geometcdf()

In many scenarios, we are interested in whether an event happens relatively quickly, rather than

waiting for a specific trial number. Suppose, for example, it is reliably known that 4% of individuals

who visit a certain banker are visiting specifically to file for bankruptcy. This gives us a success

probability p = 0.04. We want to determine the probability that the banker will encounter someone
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who is filing for bankruptcy before meeting with 9 people who are not filing for bankruptcy.

In this problem, "less than 9 people before encountering someone" means we are looking for 8

failures or less (k ≤ 8) before the first success. This is a classic cumulative probability question,

requiring the use of the geometcdf() function. We are calculating P(X≤8), where X is the number

of non-bankruptcy filers met before the first bankruptcy filer.

To perform this calculation using the TI-84, begin by pressing 2nd and then VARS to access the

DISTR menu. Scroll down past geometpdf() until you reach geometcdf() and press ENTER. This

function sums the probabilities P(X=0) through P(X=8) for us automatically.

Once the function is selected, input the parameters. The probability of success (P) is 0.04. The X

Value (the cumulative upper limit for failures, k) is 8. Input these values and select Paste:

After pressing ENTER, the calculator provides the cumulative result. The probability that the
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banker will meet with 8 or less people before encountering someone who is filing for bankruptcy is

calculated as 0.307466. This demonstrates the efficiency of using geometcdf() for complex

probability ranges compared to manual summation.

Distinguishing PDF and CDF in Geometric Modeling

A core aspect of mastering the geometric distribution on the TI-84 calculator is understanding the

precise context in which to use the PDF (Probability Distribution Function, `geometpdf`) versus the

CDF (Cumulative Distribution Function, `geometcdf`). Misinterpreting the problem statement--

whether it asks for an exact count or a range--is the most common source of error.

The geometpdf() function is strictly used for finding the probability of an exact outcome. If the

question asks, "What is the probability the first success occurs on the 5th trial?" (meaning k=4

failures), you must use PDF. This isolates the probability of that single, specific sequence (FFFFS).

Using CDF here would be incorrect, as it would calculate the probability of the first success

occurring on trial 1, 2, 3, 4, or 5.

Conversely, geometcdf() is used when the question asks about the probability of success

occurring by a certain point. Phrases like "at most," "less than or equal to," or "within the first X

attempts" signal the need for cumulative calculation. If the problem asks for the probability that the

first success occurs within the first 10 trials, this implies 9 or fewer failures (k≤9), necessitating the

CDF.

Always carefully analyze the wording: "Exactly k failures" requires pdf. "At most k failures" or

"Within k+1 trials" requires cdf. This intentional design by Texas Instruments ensures that complex

statistical operations are accessible once the user correctly maps the required statistical concept to

the corresponding calculator function.

Practical Considerations and Verification

When working with the geometric distribution, especially when dealing with smaller probabilities of

success (p close to 0), the distribution becomes highly skewed. This means that having a high

number of failures before the first success is relatively common. Conversely, when p is large (close

to 1), the first success is highly likely to occur quickly, leading to low values for k.

It is important to remember that the geometric distribution assumes infinite trials are possible,

although in practice, the probability rapidly approaches zero as k increases. Furthermore, when

setting up the problem on the TI-84, ensure that the input for "trials" (X Value) corresponds to k,

the number of failures, not the total number of trials (which would be k+1). Confusing these two

values is a frequent algebraic mistake when transitioning from the problem definition to the

calculator interface.
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For enhanced learning and confidence in your calculations, utilize external statistical tools for

confirmation.

Bonus: Feel free to use this online calculator to confirm your results and deepen your

understanding of the underlying probability calculations.

Conclusion: Mastering Geometric Distribution on the TI-84

The geometric distribution is a powerful model for understanding sequences of independent trials

that stop upon the first success. By mastering the distinction between the probability mass function

(PMF) and the cumulative distribution function (CDF), statisticians and students can effectively use

the built-in functions of the TI-84 calculator. The geometpdf() function provides the probability for

an exact outcome (P(X=k)), while the geometcdf() function provides the cumulative likelihood of

success occurring within a range (P(X≤k)).

The ability of the TI-84 calculator to handle these complex calculations efficiently frees up the user

to focus on critical thinking: correctly identifying the probability of success (p) and accurately

determining the required value for the number of failures (k) based on the problem statement. A

solid grasp of these principles ensures accurate statistical modeling in various fields, from quality

control to medical testing and social surveys.
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