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The ability to handle and manipulate structured data is fundamental in statistical computing. In the

R programming language, the primary structure for two-dimensional data manipulation is the

matrix. While data is often imported into R already structured, there are frequent scenarios in

programming and simulation where a container must be initialized before data is collected or

generated. This process requires the creation of an empty matrix, which serves as a placeholder to

be populated later, typically through iteration or specific function calls. Understanding how to

correctly initialize these structures is vital for efficient and error-free scripting, ensuring that the

resulting data object has the correct dimensions and data type from the outset.

Creating an empty data structure in R is generally straightforward, but the specific requirements--

such as known dimensions versus dynamic sizing--dictate the most appropriate method. When the

number of rows and columns is known beforehand, the native matrix() function provides the

most direct pathway. Conversely, if the dimensions are determined iteratively or during a data

generation process, a more flexible approach, often involving lists and column binding, becomes

necessary. This guide explores the expert techniques for generating clean, structurally sound

empty matrices in R, detailing both fixed-size initialization and dynamic creation methods,

alongside crucial considerations regarding data type and handling of missing values.

Defining the Structure: Fixed-Size Initialization using matrix()

The most conventional and efficient way to initialize an empty matrix when the final size is known is

by leveraging the built-in matrix() function. This function requires explicit arguments for the

desired number of rows (nrow) and the number of columns (ncol). By default, if no data vector is

supplied as the first argument, R automatically populates the matrix with the missing value

indicator, NA (Not Available). This is a critical feature, as it ensures that the memory is allocated for

the specified dimensions immediately, providing a stable object ready for subsequent population.

To create a fixed-size empty matrix, we simply invoke the function, omitting the primary data vector

argument while setting the dimensional constraints. For example, initializing a matrix designed to

hold 10 observations (rows) across 3 variables (columns) requires a simple command structure.

This method is preferred in scenarios like simulation studies or large-scale data processing

pipelines where performance optimization through pre-allocation is essential. Pre-allocating the

structure minimizes the overhead associated with dynamically growing the object, leading to

substantially faster script execution, especially when dealing with millions of cells.

You can use the following syntax to create an empty matrix of a specific size in R, which

immediately demonstrates the use of the nrow and ncol parameters:

# Create empty matrix with 10 rows and 3 columns

empty_matrix <- matrix(, nrow=10, ncol=3)
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The resulting matrix, despite being "empty," is structurally sound. It is filled with logical NA values,

which signifies that the positions are currently unpopulated. This initial structure confirms the

successful pre-allocation and is ready for data insertion, typically through indexing or specialized

functions. The following examples show how to use this syntax in practice, confirming both the

structure and the resulting class type of the object.

Example 1: Creating an Empty Matrix of Specific Size and Verifying Structure

When executing the fundamental matrix() function without supplying data, the resulting object

defaults to a logical or numeric structure populated by NA values. This demonstration highlights the

output of the function, showcasing how R correctly interprets the request for a 10x3 object and

initializes it with the default storage mode. Note that while we primarily use this for numeric data, R

handles the storage mode dynamically based on the first piece of data inserted, unless the type is

explicitly specified upon creation. For maximum compatibility and flexibility, allowing the default

initialization using NA is often the best practice.

The following code shows how to create an empty matrix of a specific size in R, immediately

followed by inspecting its contents and confirming its data structure classification. This verification

step is crucial in programming workflows to ensure that subsequent operations, such as matrix

algebra or data merging, will function correctly on the initialized object.

# Create empty matrix with 10 rows and 3 columns

empty_matrix <- matrix(, nrow=10, ncol=3)

# View empty matrix

empty_matrix

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

# View class

class(empty_matrix)
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"matrix" "array"

The output confirms two key aspects: first, the structure is indeed a matrix with precisely 10 rows

and 3 columns, and every element is marked as NA. Second, the class() function returns

"matrix" and "array", confirming its nature as a two-dimensional array structure in R, distinct

from a typical data frame. This method of initialization ensures predictable memory management

and is highly recommended when the size constraints are known prior to the computation phase.

Specifying Data Types in Empty Matrices

While the default empty matrix is initialized using logical or numeric NA values, it is often necessary

to explicitly define the underlying data type, or storage mode, especially when planning to insert

non-numeric data, such as strings or complex identifiers. R matrices are strictly homogeneous,

meaning all elements must share the same data type (e.g., all integers, all characters, or all

logical). Failing to specify the type might lead to unexpected coercion errors when attempting to

insert data later.

To enforce a specific type, we can supply a placeholder data vector of the desired type, even if it is

zero-length or consists solely of NA values of that type. For instance, to create an empty character

matrix, we can use the argument data = character(). This forces the matrix to adopt the

character storage mode from the start. Similarly, for an integer matrix, we might use data =

integer(). This explicit definition bypasses R's default choice and guarantees type consistency

throughout the matrix's lifespan, which is critical for functions that rely on specific input types.

Alternatively, the typeof() function can be used in conjunction with the desired dimensions to

achieve the same result. The key takeaway is that for specialized data processing tasks, relying

solely on the default NA initialization might not be sufficient, and explicit type declaration is a mark

of robust coding practice. This approach ensures that when non-numeric data is eventually added,

R does not attempt to convert the entire structure, potentially resulting in corrupted or unintended

output.

Method 2: Dynamic Matrix Construction using Lists and Binding

There are numerous computational scenarios where the final dimensions of the matrix are not

known at the outset. This often occurs when data is generated iteratively (e.g., through simulation

loops) or when aggregating results from multiple external sources whose output sizes vary. In

these dynamic situations, pre-allocating a fixed matrix is impossible, and attempting to continually

resize a matrix in a loop is highly inefficient in R due to the frequent memory reallocations required.

A far superior methodology involves using an intermediate data structure, specifically a list, to
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temporarily store the generated columns or vectors. Lists in R are highly flexible and can efficiently

accommodate elements of varying lengths and types without the performance penalty associated

with resizing matrices or vectors. Each iteration of the loop generates a column vector, which is

then appended to the list. Once the iteration or data collection phase is complete, the list, which

now holds all the necessary columns, is consolidated into the final matrix structure.

This consolidation is achieved using a combination of the do.call() function and the cbind()

function. The cbind() function (column bind) takes multiple vectors or matrices and combines

them column-wise. However, cbind() expects individual arguments, not a list of arguments. This

is where do.call() steps in: it executes a function (in this case, cbind()) using the elements of a

list as its arguments. This powerful pairing allows for seamless conversion from a dynamically

grown list of vectors into a single, cohesive matrix.

Example 2: Creating a Matrix of Unknown Size Using Iteration and Binding

If you don't know what the final size or content of the matrix will be ahead of time, the following

code demonstrates how to iteratively generate data (here, using the rnorm() function to simulate

10 random normal values for each column) and then combine these vectors into a matrix using the

efficient list-binding mechanism. This approach ensures that the performance remains optimal

even when the number of columns generated is large.

The sequence begins by initializing an empty list, which acts as the temporary storage container. A

for loop then runs, generating the data for each column and assigning it to indexed positions

within the list. Finally, the do.call() structure executes the cbind() operation across all elements

of the populated list, yielding the final matrix.

# Create empty list

my_list <- list()

# Add data using for loop (simulating 4 columns of 10 values each)

for(i in 1:4) {

my_list] <- rnorm(10)

}

# Column bind values into a matrix using do.call

my_matrix = do.call(cbind, my_list)

# View final matrix

my_matrix

1.3064332 1.18175760 2.1603867 1.2378847

0.8618439 0.66663694 0.1113606 0.2062029

ARABPSYCHOLOGY.C
OM

https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/do.call
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/cbind
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/cbind
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/cbind
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/cbind
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/cbind
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/do.call
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/cbind
https://en.wikipedia.org/wiki/List_(abstract_data_type)
https://en.wikipedia.org/wiki/List_(abstract_data_type)
https://en.wikipedia.org/wiki/List_(abstract_data_type)
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/do.call
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/cbind
https://en.wikipedia.org/wiki/List_(abstract_data_type)
https://scales.arabpsychology.com/?p=104994
https://scales.arabpsychology.com
https://scales.arabpsychology.com


How to Easily Create an Empty Matrix in R 6

PSYCHOLOGICAL SCALES scales.arabpsychology.com

-0.4689356 -0.03200797 -1.3872632 1.6531437

-0.4664767 -0.79285400 0.3972758 0.1632975

0.5880580 1.05795303 -0.5655543 -0.3557376

0.5412100 -0.32070294 -0.3687303 -1.1778959

0.5073627 -0.24925226 1.0031305 0.6336998

0.8047177 0.10968558 0.3225197 1.6776955

1.5755134 1.40435730 1.8360239 0.5612274

-0.6430913 0.01173386 0.3181037 -0.8414270

The result is a fully populated matrix with 10 rows and 4 columns, where the columns were

generated sequentially within the loop. This technique elegantly solves the problem of dynamic

sizing while maintaining high performance, representing a cornerstone practice for advanced data

handling in R.

Alternative Matrix Initialization Techniques

While the matrix() function and the list-binding approach cover the majority of use cases,

advanced users sometimes employ alternative techniques for specific performance or structural

requirements. One such method involves creating a simple vector of the required total length and

then using the dim() function to impose the matrix dimensions afterwards. This is conceptually

similar to the primary method but separates the data population (even if it's just NA values) from the

dimensional assignment.

For instance, one could create a vector of 30 NA values, and then set dim(my_vector) <- c(10,

3) to instantly transform the vector into a 10x3 matrix. This can sometimes offer minor

performance benefits in extreme cases by focusing purely on vector creation before reshaping.

However, it requires careful management of the total number of elements (rows * columns) to

avoid dimension mismatch errors. Furthermore, this method is primarily useful for fixed-size

initialization and does not address the challenges of dynamic matrix growth.

Another specialized method involves using structures like data frames initially, particularly if the

columns are expected to eventually hold different data types, and converting them later. Although

data frames are more flexible, they generally incur greater computational overhead compared to

pure matrices, making them less suitable for large-scale numerical computations where speed is

paramount. Therefore, sticking to the standard matrix() function for pre-allocation or the

list/do.call combination for dynamic assembly remains the most robust and idiomatic approach in

R programming.
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Summary of Matrix Creation Methods and Best Practices

The choice between initialization methods in R hinges entirely on the prior knowledge of the

matrix's required size. When dimensions are known, the use of matrix(nrow=N, ncol=M) is the

gold standard for performance, as it enables matrix pre-allocation, minimizing computational

overhead. This approach ensures a structurally sound object filled with NA values, ready for

indexed insertion. If the data type must be non-numeric (e.g., character), explicit specification using

the data argument is highly recommended to maintain type homogeneity and prevent errors.

When dealing with iterative data generation, where the number of columns is unknown or

dynamically determined, the use of an intermediary list structure combined with the sophisticated

pairing of do.call() and cbind() is the superior technique. This methodology avoids the

performance bottleneck of constantly resizing data structures within loops, ensuring scalable and

efficient code execution. By first accumulating column vectors in the flexible list and then

performing a single, optimized bind operation, developers can manage complex data workflows

effectively.

Mastery of these two distinct techniques allows an R user to confidently handle any scenario

requiring matrix initialization. Whether the task involves simple data placeholders or complex

simulation outputs, employing the correct initialization strategy is a critical step in writing clean,

high-performance, and maintainable R code. Always prioritize pre-allocation when possible, and

rely on the list-binding mechanism only when dynamic structure is unavoidable.
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