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The summary() function stands as a cornerstone utility within the R programming environment,

essential for conducting efficient and rapid data exploration. Its primary purpose is to deliver a

quick, yet comprehensive, statistical overview of virtually any object passed to it. Unlike specialized

functions that only handle one data type, summary() exhibits remarkable versatility, automatically

adjusting its output format based on the class of the input--whether it is a basic vector, a complex

data frame, or the results generated by a statistical model, such as a linear regression model or

an ANOVA model.

For data scientists and analysts, mastering the application of summary() is critical. It provides

immediate feedback on data quality, distribution characteristics, and model fit, serving as the

necessary first step in both exploratory data analysis (EDA) and model validation workflows. This

function simplifies the often-tedious process of manually calculating individual descriptive statistics

for multiple variables.

The syntax for invoking this powerful function is straightforward and highly intuitive, making it

accessible even to beginners in R:

summary(data)

The following detailed examples illustrate the practical application of summary() across the most

common data structures and analytical tasks encountered in R programming, ensuring analysts

can leverage its full potential for data inspection and reporting.

Example 1: Using summary() with a Numeric Vector

When the summary() function is applied to a numeric vector, R automatically calculates the six

most fundamental descriptive statistics. This standardized output is invaluable for quickly

assessing the central tendency, spread, and overall distribution of a single quantitative variable.

Analysts rely on this immediate feedback to identify potential outliers, measure data variability, and

determine if the data is skewed.

The output provides a clear snapshot of the variable's characteristics, which is crucial before

proceeding with more complex analysis. By comparing the Mean and the Median, for example,

one can quickly deduce if the distribution is symmetric or if it is heavily skewed by extreme values.

A significant difference between these two measures often signals the need for data transformation

or careful handling of non-normal data in subsequent statistical tests.

Consider the following R code, which defines a numeric vector named x representing a set of

observed data points. The subsequent use of summary(x) generates its comprehensive statistical

overview:
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#define vector

x <- c(3, 4, 4, 5, 7, 8, 9, 12, 13, 13, 15, 19, 21)

#summarize values in vector

summary(x)

Min. 1st Qu. Median Mean 3rd Qu. Max.

3.00 5.00 9.00 10.23 13.00 21.00

The resulting output provides a detailed summary of the distribution. Specifically, the summary()

function calculates the following key metrics, which define the five-number summary plus the

mean:

Min.: The minimum value observed in the dataset, identifying the lowest boundary.

1st Qu.: The value of the 1st quartile (the 25th percentile), indicating the point below which 25% of

the data falls.

Median: The middle value when the data is ordered (the 50th percentile), representing the true

center of the distribution.

Mean: The arithmetic average of all values, often influenced by extreme observations.

3rd Qu.: The value of the 3rd quartile (the 75th percentile), indicating the point below which 75% of

the data falls.

Max.: The maximum value observed, defining the upper boundary of the dataset.

A crucial feature of summary() is its robust handling of missing data. If the input vector contains

any missing values (represented by NA, or Not Available), the function intelligently excludes them

from the calculation of the descriptive statistics, thereby ensuring the accuracy of the Mean,

Median, and Quartiles. However, to provide a complete picture of data quality, it reports the total

count of NA values separately under the label NA's. This behavior is essential for ensuring that

analysts are immediately aware of data completeness issues without compromising the statistical

integrity of the summary metrics.

#define vector including missing values

x <- c(3, 4, 4, 5, 7, 8, 9, 12, 13, 13, 15, 19, 21, NA, NA)

#summarize values in vector

summary(x)

Min. 1st Qu. Median Mean 3rd Qu. Max. NA's

3.00 5.00 9.00 10.23 13.00 21.00 2
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Example 2: Using summary() with an Entire Data Frame

The true power of summary() shines when it is applied to an entire data frame, the most common

structure for storing tabular data in R. This application generates a comprehensive, column-by-

column overview, which is indispensable for initial data cleaning, exploratory analysis, and

ensuring data integrity across multiple variables simultaneously. Instead of running separate

summary commands for each column, summary() loops through the data frame and applies the

most appropriate statistical method based on each column's data type.

This intelligent adaptation saves significant time during the exploratory phase. For columns

identified as numeric (e.g., scores, counts, or measurements), the function reports the standard six

descriptive statistics, allowing for immediate assessment of data range and distribution.

Conversely, for columns designated as character or factor variables (representing categorical data

like team names or experimental groups), the function confirms their qualitative nature by reporting

metrics such as Length, Class, and Mode. If a factor variable has a manageable number of levels,

summary() will even display the count of observations within the most frequently occurring levels,

providing insight into category balance.

The following R code demonstrates this seamless, comprehensive summarization using a sample

dataset containing basketball statistics. Notice how the output structure changes dramatically

between the numeric columns (points, assists, rebounds) and the character column (team):

#define data frame

df <- data.frame(team=c('A', 'B', 'C', 'D', 'E'),

points=c(99, 90, 86, 88, 95),

assists=c(33, 28, 31, 39, 34),

rebounds=c(30, 28, 24, 24, 28))

#summarize every column in data frame

summary(df)

team points assists rebounds

Length:5 Min. :86.0 Min. :28 Min. :24.0

Class :character 1st Qu.:88.0 1st Qu.:31 1st Qu.:24.0

Mode :character Median :90.0 Median :33 Median :28.0

Mean :91.6 Mean :33 Mean :26.8

3rd Qu.:95.0 3rd Qu.:34 3rd Qu.:28.0

Max. :99.0 Max. :39 Max. :30.0

Analyzing this output, one can immediately identify the range of points scored (Min: 86.0, Max:
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99.0) and confirm that the team column is correctly interpreted as a character string, rather than

being erroneously treated as a numeric variable. This initial inspection is invaluable for diagnosing

potential data entry errors or incorrect variable type assignments before launching into complex

modeling.

Example 3: Using summary() with Selected Data Frame Columns

While a full data frame summary is excellent for initial assessment, many datasets contain dozens

or even hundreds of variables, making the full output unwieldy and distracting. Data analysts

frequently require a focused summary that targets only a few key metrics or variables relevant to a

specific hypothesis or task. The summary() function fully accommodates this need through the use

of R's standard subsetting techniques.

To calculate statistics only for desired columns, the user employs square bracket notation (df) to

subset the data frame, passing the resulting subset directly to the summary() function. This

practice significantly cleans up the output, allowing the analyst to concentrate solely on variables of

immediate interest, thereby improving workflow efficiency and report clarity.

This targeted approach is particularly useful in large-scale analyses where computational

resources are a concern or when preparing intermediate reports that only require specific variable

characteristics. The resulting output maintains the same descriptive statistics structure for numeric

columns as seen in the previous examples, but the scope is strictly limited by the subsetting

argument.

The following example uses the previously defined basketball statistics data frame but restricts the

summary calculation only to the points and rebounds columns, demonstrating a focused

summary:

#define data frame (using previous definition)

df <- data.frame(team=c('A', 'B', 'C', 'D', 'E'),

points=c(99, 90, 86, 88, 95),

assists=c(33, 28, 31, 39, 34),

rebounds=c(30, 28, 24, 24, 28))

#summarize specific columns in data frame

summary(df)

points rebounds

Min. :86.0 Min. :24.0

1st Qu.:88.0 1st Qu.:24.0

Median :90.0 Median :28.0

https://en.wikipedia.org/wiki/Data_frame
https://statistics.arabpsychology.com/?p=8921
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Learning the R summary() Function: A Comprehensive Guide with Examples 6

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

Mean :91.6 Mean :26.8

3rd Qu.:95.0 3rd Qu.:28.0

Max. :99.0 Max. :30.0

Example 4: Using summary() with a Linear Regression Model

Beyond summarizing raw data, summary() is an indispensable tool for model diagnostics and

interpretation in R. When applied to an object created by the lm() function (a linear regression

model), the function generates a multi-part output that provides a rich array of diagnostic statistics,

coefficient details, and overall measures of model fit. This output is the standard method for

determining the validity and effectiveness of a regression model.

The model summary output is meticulously structured to deliver immediate insights into key

aspects of the regression. It begins with the distribution of Residuals, which helps assess whether

the model assumptions (such as normality of errors) are met. The core of the output is the

Coefficients table, which lists the estimated effect size for each predictor variable, along with its

standard error, t-statistic, and the critical p-value (Pr(>|t|)). These p-values are essential for

hypothesis testing, indicating whether each predictor has a statistically significant relationship with

the outcome variable.

Finally, the summary concludes with overall model performance metrics. The Residual standard

error provides a measure of the average distance that the observed data points fall from the

regression line. Most importantly, the R-squared and Adjusted R-squared values quantify the

proportion of the variance in the dependent variable that is predictable from the independent

variables. The overall F-statistic and its corresponding p-value indicate whether the entire model

significantly predicts the outcome better than an intercept-only model.

The following example fits a simple linear model predicting variable y based on variable x, and

then uses summary() to display the detailed analytical results:

#define data

df <- data.frame(y=c(99, 90, 86, 88, 95, 99, 91),

x=c(33, 28, 31, 39, 34, 35, 36))

#fit linear regression model

model <- lm(y~x, data=df)

#summarize model fit

summary(model)

Call:
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lm(formula = y ~ x, data = df)

Residuals:

1 2 3 4 5 6 7

6.515 -1.879 -6.242 -5.212 2.394 6.273 -1.848

Coefficients:

Estimate Std. Error t value Pr(>|t|)

(Intercept) 88.4848 22.1050 4.003 0.0103 *

x 0.1212 0.6526 0.186 0.8599

---

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 5.668 on 5 degrees of freedom

Multiple R-squared: 0.006853, Adjusted R-squared: -0.1918

F-statistic: 0.0345 on 1 and 5 DF, p-value: 0.8599

Interpreting this output allows the analyst to conclude quickly that while the intercept is statistically

significant (p = 0.0103), the predictor x is not significant (p = 0.8599), and the overall model

explains very little variance (R-squared is near zero).

Example 5: Using summary() with an ANOVA Model

The versatility of summary() extends seamlessly into hypothesis testing environments, specifically

when evaluating models created by the aov() function for Analysis of Variance (ANOVA). ANOVA

models are used to partition the observed variance in a particular response variable into

components attributable to different explanatory factors.

When summary() is applied to an ANOVA model object, the output takes the form of a classical

ANOVA table. This table is the central mechanism for determining if there are statistically

significant differences between the means of the groups being compared. The structured

presentation isolates the sources of variance, allowing researchers to pinpoint which factors

contribute most significantly to the variability in the outcome.

The ANOVA table provides several key columns necessary for statistical inference. These include

the Degrees of Freedom (Df), the Sum of Squares (Sum Sq), and the Mean Squares (Mean

Sq). The most critical metrics for hypothesis testing are the calculated F value (the ratio of the

variance between groups to the variance within groups) and the corresponding p-value (Pr(>F)). A

small p-value, typically less than 0.05, suggests that the differences observed between the group

means are unlikely to have occurred by random chance, leading to the rejection of the null

hypothesis.
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The following example demonstrates the fit and summary of a one-way ANOVA model analyzing

weight loss across three different experimental programs (A, B, and C):

#make this example reproducible

set.seed(0)

#create data frame

data <- data.frame(program = rep(c("A", "B", "C"), each = 30),

weight_loss = c(runif(30, 0, 3),

runif(30, 0, 5),

runif(30, 1, 7)))

#fit ANOVA model

model <- aov(weight_loss ~ program, data = data)

#summarize model fit

summary(model)

Df Sum Sq Mean Sq F value Pr(>F)

program 2 98.93 49.46 30.83 7.55e-11 ***

Residuals 87 139.57 1.60

---

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

The resulting summary clearly demonstrates the utility of the program factor. The extremely large

F-value (30.83) and the minuscule p-value (7.55e-11) lead to the strong conclusion that the

different weight loss programs have a highly significant effect on the mean amount of weight lost,

necessitating further post-hoc testing to determine which specific programs differ from one another.

Additional Resources for Data Summarization in R

The summary() function is undeniably a foundational element of the R ecosystem, providing a

rapid, multi-purpose method for initial data inspection and detailed model validation. Its intrinsic

ability to adapt its output based on the class of the input object--from simple vectors to complex

statistical models--makes it an essential tool for every stage of the data lifecycle, spanning

exploratory data analysis through to formal statistical reporting.

Effective data analysis in R relies not only on executing the correct functions but also on

understanding how to interpret their diverse outputs. Leveraging summary() correctly ensures that

analysts can quickly diagnose data issues, confirm model assumptions, and communicate

statistical findings with clarity and confidence.
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For those seeking to deepen their expertise in data manipulation and statistical reporting using R,

the following resources offer more information on calculating summary statistics and generating

detailed reports:

Related:

Related:
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