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The Challenge of Missing Data in R Statistics

Data analysts utilizing the R programming environment routinely confront the reality of

incomplete datasets. These gaps, commonly denoted as NA (Not Available), constitute missing
values--a widespread statistical challenge known formally as missing data. If left unaddressed,
this issue can critically undermine the integrity and validity of subsequent statistical modeling,
especially when measuring the association between variables. The correlation coefficient, which

guantifies the linear relationship between two variables, is highly sensitive to the presence of
unhandled missing observations, potentially leading to severely biased or indeterminate results.

Effective data preprocessing and a systematic approach to managing these data voids are
indispensable steps toward generating reliable insights. Thankfully, the base functionality of R
includes sophisticated and adaptable mechanisms specifically tailored for handling missingness
during correlation computations. Mastering the application of these controls is vital for any
professional dealing with real-world datasets, which seldom arrive perfectly clean. This
comprehensive guide outlines the key strategies available in R for accurately calculating
correlation coefficients, ensuring robust statistical outcomes even when dealing with significant
data gaps.

We will investigate two primary methods for dealing with missingness in R correlations. The first
involves the complete exclusion of any observation containing an NA across all variables involved
(listwise deletion). The second strategy focuses on maximizing data utilization by calculating each
specific correlation based only on the pairs of observations that are fully complete for those two
variables. Selecting the optimal strategy requires careful consideration of both the specific
analytical goals and the underlying structure and pattern of the missing values within the dataset.

The Default Behavior of the cor () Functionin R

The standard mechanism for determining correlation in R is the cor () function. While it defaults

to calculating the Pearson correlation coefficient, it is also capable of computing Spearman and

Kendall rank correlations. This function is highly versatile, accepting inputs ranging from simple
vectors to columns extracted from a complex data frame. Critically, when initiating a standard
correlation calculation, the cor () function adopts an inherently cautious approach when faced with
NA entries.

The default operational mode dictates that if the cor () function encounters even a single NA value

within the specific pair of observations being processed, the calculation fails, and the function
returns NA for that correlation result. While this conservative stance prevents the accidental
incorporation of statistically ambiguous data points, protecting against immediate bias, it poses a
severe practical limitation: if missingness is widespread, attempting to generate an entire
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correlation matrix using default settings will often result in a matrix populated entirely by useless
NAS.

To overcome this computational impasse, the cor () function includes the essential use argument.
This parameter grants the analyst explicit control over how missing observations are managed
before the correlation arithmetic begins. The selection made for the use parameter determines the
strategy for data cleaning: whether to rely exclusively on records that are complete across all
variables (known as listwise deletion) or whether to dynamically adjust the data subset based on
the specific pair of variables being analyzed (known as pairwise deletion). The remainder of this
guide focuses on the two most powerful options for this argument: ' conpl et e. obs' and

'pai rwi se. conpl ete. obs'.

Strategy 1: Eliminating Missingness with use=' conpl et e. obs'

The use=' conpl et e. obs' setting is fundamentally designed to ensure that the correlation statistic

is derived from a perfectly aligned and consistent sample of observations. When this argument is
invoked, R employs a strict case-wise exclusion rule: any data record (row) that contains an NA
value in either of the two variables currently being correlated is immediately discarded for that
specific calculation. This approach is often referred to as listwise deletion when applied universally.

The core benefit of the ' conpl et e. obs' method is its simplicity and the guarantee of sample
homogeneity. The resulting correlation coefficient is based on a fixed, identical sample size for

the two variables in question, drawn exclusively from records where both data points are present.
While this stringent requirement can lead to a significant, sometimes drastic, reduction in the total
effective sample size--especially in datasets with high levels of missingness--it reliably prevents
biases that could emerge from comparing correlations derived from disparate subsets of the data.

The primary use case for ' conpl et e. obs' is when calculating the correlation between a single
pair of vectors, x and y. It ensures maximum data integrity for that specific pair calculation. If this
method is applied to an entire data frame to generate a matrix, R will first perform a global listwise
deletion, removing any row that has an NA anywhere in the data frame, and then calculate all
correlations based on the remaining, fully complete dataset. This global listwise deletion can be
highly efficient if missingness is rare, but detrimental if missingness is common, as it drastically
shrinks the effective sample size.

cor(x, y, use='complete.obs")

Strategy 2: Maximizing Data Utilization with use=' pai rwi se. conpl et e. obs'

When the goal is the construction of a comprehensive correlation matrix across numerous
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variables, use='pai rwi se. conpl et e. obs' presents a generally superior and more flexible

methodology. Unlike the strict listwise deletion of the previous strategy, this setting implements
pairwise deletion, meaning that the exclusion of incomplete cases is localized to the two variables
currently being evaluated.

The mechanism is dynamic: if R calculates the relationship between Variable X and Variable Y, it
only discards rows where data is missing in X or Y. If it then proceeds to calculate the correlation
between X and Variable Z, it uses a potentially different subset of data, excluding only cases

missing in X or Z. This adaptive behavior results in elements within the final correlation matrix
being based on slightly varying sample sizes. However, this trade-off maximizes the statistical
power and information utilized for every individual calculation.

The primary strength of ' pai rwi se. conpl et e. obs' lies in its resilience against widespread but
sparse missing data. It ensures that every non-missing data point contributes to the analysis
wherever possible, preventing the catastrophic data loss that can occur when a single missing
entry forced the exclusion of an entire row from all calculations. Consequently, this is the most
pragmatic choice for generating correlation matrices from complex, real-world datasets, provided
the analyst acknowledges the potential variation in sample size across the matrix elements.

cor(df, use="pairwise.complete.obs")

Practical Application: Calculating a Single Correlation

To clearly illustrate why the use argument is mandatory when dealing with incomplete data, we will
analyze a straightforward scenario involving two numerical vectors, x and y, both containing one or
more missing values (NA). Our first attempt involves calculating the Pearson correlation

coefficient using the cor () function in R without specifying any missing data handling method.

In this setup, observation 6 in vector x and observation 2 in vector y are marked as NA. As
anticipated, R's default conservative behavior immediately returns NA as the correlation result. This
occurs because the underlying statistical calculations, such as computing means and standard
deviations required for the correlation, cannot proceed mathematically when unhandled missing
data points are present in the vectors. The calculation effectively stalls, returning an undefined
result.

# Create two variables with missing values
x <-¢(70, 78, 90, 87, 84, NA, 91, 74, 83, 85)
y <-¢(90, NA, 79, 86, 84, 83, 88, 92, 76, 75)

# Attempt to calculate Pearson correlation coefficient between x and y without specifying NA
handling
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cor(x, y)

NA

To successfully derive a valid correlation coefficient, we must explicitly manage the missing

observations. By supplying the argument use=" conpl et e. obs' , we instruct R to only consider the

pairs of observations where both x and y possess non-missing data. In this specific scenario, R
implements listwise deletion, removing the row corresponding to x's missing value (observation 6)
and the row corresponding to y's missing value (observation 2). The final correlation is computed
using only the eight remaining complete observation pairs.

# Create two variables with missing values again for clarity
x <-¢(70, 78, 90, 87, 84, NA, 91, 74, 83, 85)
y <-¢(90, NA, 79, 86, 84, 83, 88, 92, 76, 75)

# Calculate correlation coefficient between x and y using complete observations
cor(x, y, use='complete.obs’)

-0.4888749

The resulting statistic, -0.4888749, indicates a moderate negative linear relationship between x
and y based solely on the complete subset of data. This concrete example affirms that
use=' conpl et e. obs' is the definitive and robust method for calculating a single, statistically

sound correlation measurement when facing localized missingness, ensuring that only fully
observed cases contribute to the result.

Practical Application: Generating a Correlation Matrix

The most frequent application in data science involves calculating a complete correlation matrix

across a data frame containing many variables (here demonstrated with x, y, and z), each
potentially suffering from different patterns of missingness. We begin by demonstrating the impact
of applying the default settings of the cor () function directly to the data frame object.

In this expanded illustration, missing data is distributed across the variables: x is missing
observation 6, y is missing observation 2, and z is missing observation 9. When cor (df) is
executed without the use argument, R attempts to perform a strict listwise deletion across all
columns simultaneously. Since there is no single row completely observed across all three
variables (X, y, and z), R concludes that no data is available for correlation, resulting in a matrix
where all off-diagonal correlation elements are populated by NA. This output is analytically useless,
highlighting the inherent pitfalls of the default approach in multivariate analysis.
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# Create a data frame with some missing values across three variables
df <- data.frame(x=c(70, 78, 90, 87, 84, NA, 91, 74, 83, 85),

y=c(90, NA, 79, 86, 84, 83, 88, 92, 76, 75),

z=c(57, 57, 58, 59, 60, 78, 81, 83, NA, 90))

# Attempt to create a correlation matrix for the data frame
cor(df)

Xyz
x 1 NA NA
y NA 1 NA
zZNANA 1

To successfully reveal the intrinsic relationships within this incomplete dataset, we must employ
use='pai rwi se. conpl et e. obs' . This strategy calculates each correlation independently: the

correlation between x and y uses all available pairs of x and y (ignoring z's missingness), and
similarly, the correlation between x and z uses all available pairs of x and z. This method ensures
that the maximum amount of observable data is leveraged for every individual entry in the resulting
correlation matrix.

# Recreate data frame for clarity

df <- data.frame(x=c(70, 78, 90, 87, 84, NA, 91, 74, 83, 85),
y=c(90, NA, 79, 86, 84, 83, 88, 92, 76, 75),

z=c(57, 57, 58, 59, 60, 78, 81, 83, NA, 90))

# Create correlation matrix using pairwise complete observations
cor(df, use='pairwise.complete.obs")

XYz

x 1.0000000 -0.4888749 0.1311651
y -0.4888749 1.0000000 -0.1562371
z 0.1311651 -0.1562371 1.0000000

The resulting matrix is now statistically meaningful, providing valid correlation coefficients for all

three pairwise combinations. This starkly demonstrates why, for complex, multi-variable datasets,
the use=' pai rwi se. conpl et e. obs' argument is the most effective approach for generating a
comprehensive and informative summary of inter-variable relationships when missing values are

scattered throughout the observations.
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Conclusion and Best Practices

Managing missing values transcends mere technical execution; it constitutes a critical

methodological choice that directly influences the validity of statistical inference. The foundational
cor () function within R equips analysts with two essential arguments--' conpl et e. obs' and

' pai rwi se. conpl et e. obs' --allowing for effective navigation of this pervasive challenge.

The selection of use=' conpl et e. obs' is appropriate when calculating a single, high-integrity
correlation coefficient between two vectors, or whenever a strict listwise deletion is
methodologically required across a small, defined set of variables. This approach ensures absolute
sample homogeneity, though analysts must be prepared for potential, sometimes drastic,
reductions in sample size. Conversely, when the objective is to generate a large correlation
matrix from a data frame exhibiting sparse missingness, use=' pai rwi se. conpl et e. obs' is
typically the recommended choice. This techniqgue maximizes the use of available data for each
individual correlation, thereby generating the most comprehensive summary of inter-variable
relationships without resorting to complex imputation.

It is a best practice for all analysts to thoroughly examine the degree and pattern of missingness in
their data before committing to a deletion strategy. While these use options successfully bypass
computational errors caused by NAs, they fundamentally rely on data deletion. If the data is Missing
Not At Random (MNAR), simple deletion methods--even pairwise--can introduce significant bias. In
such complex scenarios, advanced statistical techniques, such as robust imputation methods,
should be carefully considered and applied prior to the correlation calculation stage to ensure the
highest degree of accuracy.

Additional Resources

For further exploration into data analysis with R and handling various statistical challenges,
consider these additional tutorials:

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://en.wikipedia.org/wiki/Missing_data
https://stat.ethz.ch/R-manual/R-devel/library/stats/html/cor.html
https://stat.ethz.ch/R-manual/R-devel/library/stats/html/cor.html
https://www.r-project.org/
https://en.wikipedia.org/wiki/Correlation_matrix
https://en.wikipedia.org/wiki/Correlation_matrix
https://www.rdocumentation.org/packages/base/versions/3.6.2/topics/data.frame
https://www.r-project.org/
https://statistics.arabpsychology.com/?p=2414
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

