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A Guide to dbinom, pbinom, gbinom, and rbinom in R

Welcome to this comprehensive guide dedicated to mastering the binomial distribution within the

statistical programming environment of R. The binomial distribution is fundamental in probability
theory, modeling the number of successes in a fixed number of independent trials where the
probability of success remains constant across all trials. To effectively analyze and simulate these
distributions in R, we utilize a powerful and specialized suite of functions: dbinom, pbinom,
gbinom, and rbinom. This tutorial will meticulously detail the application of each function, ensuring
clarity and precision in your statistical computations.

dbinom: Calculating the Probability Density Function (PDF)

The dbinom function is specifically designed to calculate the probability mass function (PMF),
which, in the context of discrete distributions, is often referred to generally as the probability
density function (PDF). This function returns the exact probability that a discrete random variable

takes on one specific value. For binomial scenarios, dbinom determines the precise probability of
obtaining exactly x successes, given a predetermined number of trials (size) and a fixed probability
of success (prob) for each trial. It is the primary tool used when statistical questions demand an
exact point probability, such as "What is the probability of achieving exactly 8 successful
outcomes?"

dbinom(x, size, prob)

The arguments are defined as follows: x is the specific number of successes of interest; size
represents the total count of independent Bernoulli trials conducted; and prob is the inherent
probability of success on any single trial. In essence, dbinom provides the height of the probability
bar at the specific value x on the distribution plot. Mastering this function is crucial for analysts
needing to calculate the likelihood of highly specific outcomes within controlled experiments or
historical datasets.

To solidify the understanding of dbinom, we proceed with practical examples illustrating its
application in calculating specific probability mass values for defined binomial parameters. These
examples underscore the function's utility in translating real-world scenarios into precise statistical
probabilities.

Example 1: Bob, a basketball player, maintains a 60% success rate on his free-throw attempts. If
he attempts 12 free throws, what is the probability that he successfully makes exactly 10 of them?

# Calculate P(X=10) for 12 trials with a success probability of 0.6.
dbinom(x=10, size=12, prob=.6)
#0.06385228

The calculated probability that he makes exactly 10 shots is precisely 0.0639 when rounded to four
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decimal places.

Example 2: Sasha is flipping a standard fair coin 20 times. Determine the probability that the coin
lands on heads exactly 7 times throughout the sequence of trials.

# Calculate P(X=7) for 20 trials, where the probability of success (heads) is 0.5.
dbinom(x=7, size=20, prob=.5)
#0.07392883

The exact probability that the coin lands on heads 7 times is 0.0739.

pbinom: Calculating the Cumulative Distribution Function (CDF)

The function pbinom calculates the cumulative density function (CDF) of the binomial distribution.

Unlike dbinom, which provides point probability, pbinom provides the probability of a range of
outcomes. By default, it computes the probability that the random variable q is less than or equal to

a specified value (P(X < q)), representing the cumulative area to the left of g on the distribution
plot. This function is indispensable when addressing questions that involve thresholds, such as
"What is the probability of having 5 or fewer successes?"

pbinom(q, size, prob)

A key feature of pbinom is its flexibility in calculating probabilities for the upper tail of the
distribution (P(X > q)), which is necessary for questions involving "more than" or "at least" criteria.
This is achieved by including the logical argument lower.tail = FALSE in the function call. When
this argument is set to FALSE, R calculates the probability mass for all outcomes strictly greater
than qg. This ability to easily switch between lower and upper tail calculations makes pbinom
extremely versatile in hypothesis testing and risk assessment.

pbinom(q, size, prob, lower.tail = FALSE)

When utilizing pbinom, careful attention must be paid to the discrete nature of the binomial
distribution. For instance, calculating the probability of less than 4 successes (P(X < 4)) is
mathematically equivalent to calculating the probability of 3 or fewer successes (P(X < 3)) and
must be called as pbi nom( 3, size, prob). Similarly, calculating the probability of at least 5
successes (P(X = 5)) is equivalent to calculating the probability of more than 4 successes (P(X >
4)), which requires pbi non(4, size, prob, lower.tail = FALSE). Precision in defining the
range is paramount for obtaining accurate cumulative probabilities.

Example 1: Ando flips a fair coin 5 times. What is the probability that the coin lands on heads more
than 2 times? (P(X > 2))
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# Calculate P(X > 2) by setting q=2 and lower.tail = FALSE. This sums P(X=3) + P(X=4) +
P(X=5).

pbinom(2, size=5, prob=.5, lower.tail=FALSE)

#0.5

The probability that the coin lands on heads more than 2 times is exactly 0.5.

Example 2: Tyler scores a strike on 30% of his bowling attempts. If he bowls 10 times, what is the
probability that he scores 4 or fewer strikes? (P(X < 4))

# Calculate P(X < 4) for 10 trials with a 0.3 success rate, using the default lower.tail = TRUE.
pbinom(4, size=10, prob=.3)
#0.8497317

The probability that he scores 4 or fewer strikes is calculated as 0.8497.

gbinom: Determining the Inverse Cumulative Distribution Function
(Quantiles)

The gbinom function serves as the inverse of pbinom, calculating the guantile function or Inverse
Cumulative Distribution Function (ICDF). Instead of determining the probability from a given
number of successes, gbinom determines the number of successes (the outcome value) that
corresponds to a specified cumulative probability (p). This function is essential for scenarios where
a researcher needs to establish a minimum threshold of success required to reach a certain
statistical percentile or confidence level within the binomial distribution.

gbinom(p, size, prob)

The argument p represents the cumulative probability (a value between 0 and 1) for which the
guantile is sought. Due to the discrete nature of the binomial distribution, gbinom returns the
smallest integer x such that the cumulative probability P(X < x) is equal to or just exceeds the input
probability p. If the exact cumulative probability p falls between two discrete success counts, the
function returns the higher count, ensuring that the target probability threshold is met or surpassed.
This is particularly valuable in quality control limits and setting statistical benchmarks.

The following coding examples illustrate how gbinom operates by finding the success count
corresponding to specified percentiles within distinct binomial parameters:

# Determine the 10th quantile (p=0.10) for a distribution with 10 trials
# and a success probability of 0.4.
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gbinom(.10, size=10, prob=.4)
#2

# Determine the 40th quantile (p=0.40) for a distribution with 30 trials
# and a success probability of 0.25.

gbinom(.40, size=30, prob=.25)

#7

rbinom: Generating Random Binomial Variables

The rbinom function is employed for simulation purposes, generating a vector of random numbers
that follow the specified binomial distribution parameters. This is essential for conducting Monte

Carlo studies, demonstrating statistical variance, and empirically testing theoretical outcomes.
Each value in the resulting vector represents the total count of successes observed in a single
simulated binomial experiment. The function requires three arguments to define the simulation
environment accurately.

rbinom(n, size, prob)

The argument n specifies the total number of random observations (experiments) to be generated,
dictating the length of the output vector. The size argument defines the fixed number of trials
contained within each of the n experiments. Finally, prob is the fixed probability of success used
for every trial across all simulations. By controlling these parameters, rbinom allows researchers
to model the stochastic nature of binomial processes and analyze potential variability in results.

A classic application of rbinom is illustrating the Law of Large Numbers. As we significantly
increase the number of simulated experiments (increasing the n parameter), the mean of the
generated success counts is expected to converge closer to the theoretical expected value (E =
size x prob). The following code provides a clear demonstration of this statistical principle:

# Simulation 1: Generate 10 random binomial outcomes, each based on 100 trials
# with a success probability of 0.3.

results <- rbinom(10, size=100, prob=.3)

results

#3129 28 30353027 39 3028

# Calculate the mean number of successes for the small sample (Expected Mean = 30).
mean(results)
#32.8

# Simulation 2: Increase the number of independent experiments to 1000.
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results <- rbinom(1000, size=100, prob=.3)

# Calculate the mean number of successes for the large sample.
mean(results)
# 30.105

As clearly demonstrated, by increasing the sample size of experiments (from 10 to 1000), the
calculated mean of successes (30.105) converges much more closely to the theoretical expected
mean of 30, confirming the reliability of large-scale statistical simulation.

Conclusion: Synthesis of Binomial Functions

The four functions--dbinom, pbinom, gbinom, and rbinom--collectively form a comprehensive
toolkit for analyzing the binomial distribution in R. They address every major statistical inquiry
related to binomial probabilities, from determining the likelihood of a single outcome to simulating
thousands of sequential experiments. Understanding when and how to apply each function is
crucial for rigorous statistical practice.

For easy reference, the application of each function is summarized below:

dbinom: Use when calculating the probability of obtaining exactly x successes (P(X = x)).
pbinom: Use when calculating the probability of outcomes falling within a range, typically P(X < q)
or P(X>q).

gbinom: Use when determining the required number of successes (the guantile) needed to
achieve a specified cumulative probability p.

rbinom: Use when generating random observations or simulating n independent binomial
experiments.

For all analyses, recall that the expected number of successes, denoted E, is calculated by
multiplying the number of trials (size) by the probability of success (prob). Utilizing these R
functions allows data professionals to move seamlessly from theoretical concepts to robust,
practical statistical analysis.
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