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The concept of expected value (EV) is fundamental in statistical analysis, decision theory, and

finance. It represents the long-run average outcome of a random variable over a large number of

trials. When working within the R programming environment, calculating the EV is a common task,

essential for modeling outcomes ranging from financial investments to epidemiological projections.

Formally, the expected value is determined by summing the products of each possible outcome

and its corresponding probability. This calculation provides a powerful predictive measure

regarding the central tendency of a stochastic process.

While some theoretical approaches might involve calculating probabilities using specific distribution

functions like dbinom() for a binomial distribution, the most common practical application in R

involves calculating the weighted average of a known probability distribution. This article serves as

an expert guide on how to efficiently compute the expected value of a discrete random variable

using R, detailing three distinct and highly effective methods. We will utilize real-world examples to

illustrate the precision and simplicity of R's built-in functions for this statistical task.

Understanding Probability Distributions and Expected Value

A probability distribution is a mathematical function that provides the probabilities of occurrence of

different possible outcomes in an experiment. For a discrete random variable, this distribution

specifies every possible value the variable can take on, along with the probability of observing that

value. Understanding this foundational concept is the first step toward accurately calculating the

expected value (EV), as the EV relies entirely on the interplay between the outcomes and their

corresponding likelihoods.

Consider a practical scenario involving sports statistics. Suppose we track a professional soccer

team and analyze the number of goals they score in any single game. The recorded frequencies of

goals over the season can be translated into a discrete probability distribution, illustrating the

likelihood of the team scoring 0, 1, 2, 3, or more goals in a future match. This distribution provides

the necessary framework for applying the expected value calculation, allowing us to determine the

team's average anticipated goal count.

For example, the following probability distribution visually represents the probabilities associated

with scoring different numbers of goals in a single game:
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The Mathematical Formulation of Expected Value

The expected value, denoted as $mu$ (mu) or $E(X)$, is calculated using a straightforward

formula rooted in weighted averages. It is crucial to remember that the expected value is not

necessarily one of the outcomes itself; rather, it is the theoretical mean or average outcome if the

experiment were repeated indefinitely. This calculation serves as the benchmark for evaluating

long-term performance or risk.

To find the expected value of any given probability distribution, we employ the following summation

formula for a discrete random variable:

µ = Σx * P(x)

In this formula, the following components are defined:

x: Represents the specific data value or outcome of the variable.

P(x): Represents the probability of observing that specific value (x).

Applying this formula requires multiplying each possible outcome by its chance of occurrence and

then summing all these products. This process effectively weights the outcomes based on how

likely they are to happen.

Using the soccer team example, where the outcomes (x) are the goals scored (0, 1, 2, 3, 4) and

P(x) are their probabilities (0.18, 0.34, 0.35, 0.11, 0.02, respectively), the expected number of

goals would be precisely calculated as:

µ = (0 * 0.18) + (1 * 0.34) + (2 * 0.35) + (3 * 0.11) + (4 * 0.02) = 1.45 goals.

This result, 1.45 goals, signifies the average number of goals the team is statistically expected to

score per game over the long run. Since the team cannot score 1.45 goals in a single match, this

value highlights the statistical nature of the expected value as a theoretical mean rather than a
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guaranteed outcome.

Three Powerful Methods for Calculating Expected Value in R

The R statistical computing environment offers excellent flexibility when performing calculations on

vectors and matrices. Calculating the expected value of a discrete probability distribution can be

achieved using several native R functions. We will focus on three primary methods that are both

efficient and idiomatic to R: direct vector multiplication combined with sum(), using the specialized

weighted.mean() function, and leveraging the efficiency of matrix multiplication.

These methods rely on defining two parallel vectors: one containing the possible outcomes

(values) and one containing their corresponding probabilities (weights). The key advantage of R is

its ability to perform element-wise operations on vectors, simplifying the complex summation

required by the expected value formula into a single line of code.

Here is a preview of the three distinct R code structures used to achieve the same result:

#method 1: Vector Multiplication and Summation

sum(vals*probs)

#method 2: Using the specialized weighted.mean function

weighted.mean(vals, probs)

#method 3: Matrix Multiplication (Dot Product)

c(vals %*% probs)

As we demonstrate in the following sections, all three computational approaches are designed to

return the exact same expected value, 1.45, for the defined probability distribution. Choosing the

best method often depends on programming preference or the complexity of the surrounding

script.

Example 1: Expected Value Using sum()

The first and most direct method mirrors the mathematical definition of expected value: multiplying

outcomes by probabilities and summing the results. In R, this is achieved by using the element-

wise multiplication operator (*) on the values and probabilities vectors, followed by wrapping the

result in the standard sum() function. This approach is highly intuitive for those familiar with the

underlying statistical formula.

To implement this, we must first define our data. The vector vals holds the discrete outcomes (0,

1, 2, 3, 4 goals), and the vector probs holds the likelihoods of those outcomes (.18, .34, .35, .11,
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.02). R automatically performs the vector multiplication, creating a new temporary vector containing

the products $x cdot P(x)$. The sum() function then aggregates these products, yielding the final

expected value.

#define values (x: goals scored)

vals <- c(0, 1, 2, 3, 4)

#define probabilities (P(x))

probs <- c(.18, .34, .35, .11, .02)

#calculate expected value: Sum of (vals * probs)

sum(vals*probs)

1.45

This method is praised for its clarity and direct mapping to the theoretical formula $Sigma x cdot

P(x)$. It serves as a robust and reliable way to compute the expected value for any discrete

probability distribution defined by corresponding vectors in R.

Example 2: Expected Value Using weighted.mean()

A second, often more statistically idiomatic approach in R utilizes the built-in weighted.mean()

function. Since the expected value is, by definition, the weighted average of the outcomes, where

the weights are the probabilities, this function is perfectly suited for the task. The

weighted.mean() function requires two primary arguments: the vector of values (the data points)

and the vector of weights (the probabilities).

This function simplifies the syntax considerably compared to the sum(vals*probs) method,

encapsulating the multiplication and summation process internally. It is highly recommended for its

clean code structure and its immediate communication of the statistical intent--calculating a

weighted average. Using this function ensures that the resulting expected value accurately reflects

the true mean of the distribution.

The implementation requires the same definitions of the vals and probs vectors. Notice how

streamlined the final calculation line becomes when utilizing this specialized statistical function,

making the code easier to read and maintain, especially in complex scripts involving multiple

statistical measures.

#define values

vals <- c(0, 1, 2, 3, 4)
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#define probabilities

probs <- c(.18, .34, .35, .11, .02)

#calculate expected value using weighted.mean(x, w)

weighted.mean(vals, probs)

1.45

The result confirms the findings from the first method, providing strong internal validity for the

calculated expected value of 1.45 goals.

Example 3: Expected Value Using Matrix Multiplication (%*%)

The third method leverages the power of linear algebra within R by employing the matrix

multiplication operator, %*%. When dealing with two vectors of equal length, the matrix

multiplication operator computes the dot product, which is mathematically equivalent to the scalar

value derived from summing the element-wise products. This technique is often favored in high-

performance computing or when integrating expected value calculations into larger matrix-based

statistical models.

To perform this operation, one vector (e.g., vals) is treated as a row vector and the other (e.g.,

probs) as a column vector, resulting in a 1x1 matrix containing the dot product. Because the result

of vals %*% probs is technically a matrix (even if 1x1), we use the c() function to coerce this

result back into a simple numeric vector (a scalar) for the cleanest output.

This method is highly efficient computationally, especially when dealing with very large

distributions, and is a staple technique for advanced R users who utilize matrix operations

frequently. It provides a concise, single-line alternative for computing the expected value without

relying on the specific sum() or weighted.mean() functions.

#define values

vals <- c(0, 1, 2, 3, 4)

#define probabilities

probs <- c(.18, .34, .35, .11, .02)

#calculate expected value using dot product (matrix multiplication)

c(vals %*% probs)

1.45
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Comparing the R Implementation Methods

As demonstrated across all three comprehensive examples, the returned expected value remains

consistently 1.45. This consistency confirms the mathematical equivalence of these different

computational pathways within R. However, each method has its own distinct advantages based

on the user's focus.

The sum(vals*probs) method is best for conceptual clarity, directly mirroring the statistical

definition. The weighted.mean() method is often preferred for its brevity and its immediate

statistical context, clearly indicating the calculation of a weighted average. Finally, the matrix

multiplication approach (%*%) is ideal for computational efficiency and integration into linear algebra

frameworks.

When choosing an implementation, programmers in the R programming environment should

prioritize readability and maintainability. For standard statistical analyses, weighted.mean() is

generally the most recommended function, as it is robust and explicitly designed for this type of

calculation.

Notice that all three methods returned the same expected value.

Advanced Considerations for Expected Value Calculation

While our examples used predefined probability vectors, in many real-world statistical applications,

the probabilities P(x) are not explicitly given but must be derived from a theoretical distribution.

This is where specialized functions like dbinom() (for the Binomial distribution), dpois() (for the

Poisson distribution), or others become relevant.

For instance, if the soccer team's goals followed a Poisson model, a distribution function would be

used to generate the probs vector based on a defined rate parameter. The output of the

distribution function would then serve as the input for the probs vector in any of the three methods

demonstrated above. This integration highlights the powerful modularity of R: distribution functions

generate the probabilities, and weighted averaging techniques efficiently compute the final
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