
PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

Learning to Create Bland-Altman
Plots in R: A Step-by-Step Guide

Authored by

Mohammed looti

November 5, 2025

RECOMMENDED CITATION

Mohammed looti (2025). Learning to Create Bland-Altman Plots in R: A Step-by-Step Guide.

PSYCHOLOGICAL STATISTICS. Retrieved from

https://statistics.arabpsychology.com/?p=10578

https://statistics.arabpsychology.com/?p=10578
https://statistics.arabpsychology.com/?p=10578
https://statistics.arabpsychology.com/?p=10578
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Learning to Create Bland-Altman Plots in R: A Step-by-Step Guide 2

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

Understanding the Bland-Altman Plot

The Bland-Altman plot, frequently referred to as a difference plot, stands as an indispensable tool

in advanced statistical analysis. Its application is widespread across disciplines such as medical

research, bio-statistics, and engineering, where the interchangeability of measurement methods is

paramount. The primary objective of this visualization is to formally assess the level of agreement

between two distinct quantitative measurements or techniques. Researchers often face the

challenge of validating a new, potentially cheaper or faster instrument (Method B) against an

established, gold-standard procedure (Method A). The Bland-Altman plot provides the critical

visual evidence needed to determine if the new method is an acceptable substitute for the existing

one.

Crucially, agreement analysis differs fundamentally from measuring correlation. While a high

correlation coefficient merely indicates a strong linear relationship between two variables, it

provides no guarantee that the methods are interchangeable. Two methods can be highly

correlated--meaning they track each other consistently--yet disagree substantially in absolute

terms. The Bland-Altman plot bypasses this limitation by focusing directly on the magnitude of the

difference between the paired measurements. This powerful graphical approach helps identify

systematic bias (where one method consistently reads higher or lower) and highlights specific

data points that break the overall pattern of agreement across the entire measurement range.

The Statistical Foundation of Agreement Analysis

The core principle behind the Bland-Altman method is deceptively simple: instead of plotting

Method A against Method B, we plot the difference between the two measurements against their

average. The resulting graph immediately addresses two key questions: First, what is the average

disagreement (bias)? Second, is the level of disagreement consistent across the range of

measurements?

When examining the plot, the horizontal axis represents the average measurement, signifying the

magnitude of the variable being measured. The vertical axis represents the difference (A - B),

which quantifies the disagreement. If the points cluster tightly around the zero line on the y-axis,

and this clustering remains consistent from low averages to high averages, the methods are said to

agree well. If the points are generally above or below zero, a consistent systematic bias exists.

This step-by-step tutorial provides a clear path to constructing a professional and statistically

robust Bland-Altman plot using the powerful statistical programming environment, R. We will

employ standard R functions alongside the widely acclaimed visualization package, ggplot2,

ensuring a high-quality result suitable for publication or detailed reporting.
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Step 1: Setting Up the R Environment and Data Creation

The initial requirement for any statistical analysis in R is the correct loading and structuring of data.

In this illustrative example, we simulate a scenario common in biological studies: a scientist is

comparing two different instruments (Instrument A and Instrument B) used to precisely measure

the weight of a cohort of 20 subjects, recorded in grams. Proper data organization is critical here;

the data must be structured as an R data frame, where each row corresponds to a single subject (a

paired measurement), and columns hold the respective readings from the two instruments.

The integrity of the Bland-Altman analysis hinges entirely on the input data being paired. This

means that both Instrument A and Instrument B must measure the exact same subject under

identical conditions. Any confounding variables or procedural differences introduced during the

measurement process could generate a bias that the plot might incorrectly attribute to instrument

disagreement. Therefore, researchers must ensure stringent experimental control.

The following code snippet efficiently creates the necessary data frame in R, clearly naming the

columns 'A' and 'B' to represent the paired measurements collected by the respective instruments.

#create data

df <- data.frame(A=c(5, 5, 5, 6, 6, 7, 7, 7, 8, 8, 9,

10, 11, 13, 14, 14, 15, 18, 22, 25),

B=c(4, 4, 5, 5, 5, 7, 8, 6, 9, 7, 7, 11,

13, 13, 12, 13, 14, 19, 19, 24))

#view first six rows of data

head(df)

A B

1 5 4

2 5 4

3 5 5

4 6 5

5 6 5

6 7 7

Executing the code verifies the foundational structure: two columns ('A' and 'B') containing the

paired measurements. This specific structure is essential for the subsequent calculations required

to derive the two core components of the Bland-Altman plot: the average measurement (which

forms the x-axis) and the difference measurement (which forms the y-axis).

https://www.r-project.org/
https://en.wikipedia.org/wiki/Data_frame
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Step 2: Calculating Essential Metrics (Mean and Difference)

The analytical strength of the Bland-Altman method lies in its ability to plot disagreement against

magnitude. By visualizing the differences against the averages, we can immediately observe

whether the level of disagreement between the two instruments changes systematically as the

measured value increases. An ideal scenario involves a difference that remains constant and close

to zero, regardless of the size of the average measurement.

To achieve this, we must augment our existing data frame by calculating and appending two new

columns. The first column, labeled avg, will hold the row-wise average of the measurements from

A and B. The second column, diff, will store the difference, conventionally calculated as A minus

B. Maintaining consistency in this subtraction (always A minus B or always B minus A) is critical for

correctly interpreting the sign of the systematic bias.

Within R, the rowMeans() function provides an efficient way to calculate the average for each

paired observation, while basic arithmetic subtraction is used for the difference. These two newly

calculated columns, avg and diff, will directly supply the coordinates for every point plotted in our

final visualization.

#create new column for average measurement

df$avg <- rowMeans(df)

#create new column for difference in measurements

df$diff <- df$A - df$B

#view first six rows of data

head(df)

A B avg diff

1 5 4 4.5 1

2 5 4 4.5 1

3 5 5 5.0 0

4 6 5 5.5 1

5 6 5 5.5 1

6 7 7 7.0 0

A quick review using head(df) confirms the correct computation and appending of the avg and

diff columns to our dataset. With these core metrics in place, we are ready to proceed to the

crucial statistical step of defining the acceptable boundaries of agreement.
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Step 3: Determining the Limits of Agreement

A Bland-Altman plot requires defining acceptable statistical boundaries before visualization. These

boundaries comprise the central reference line--the mean difference--and the 95% confidence

interval for the average difference, collectively known as the Limits of Agreement (LOA). These

lines provide the context necessary to evaluate the scatter of the data points.

The calculation of the mean difference (mean_diff) is fundamental, as it quantifies the systematic

bias. If this value approximates zero, there is negligible overall difference between the methods. A

significant positive or negative value indicates that one instrument consistently yields

measurements that are higher or lower than the other, respectively.

The Limits of Agreement are conventionally calculated as the mean difference plus or minus 1.96

times the standard deviation (SD) of the differences. The multiplier 1.96 is the corresponding Z-

score required to capture 95% of the data points, assuming that the differences are normally

distributed. If the vast majority of the data points (ideally 95%) fall within these limits, the two

methods can generally be considered interchangeable for the purposes of measurement.

#find average difference

mean_diff <- mean(df$diff)

mean_diff

0.5

#find lower 95% confidence interval limits

lower <- mean_diff - 1.96*sd(df$diff)

lower

-1.921465

#find upper 95% confidence interval limits

upper <- mean_diff + 1.96*sd(df$diff)

upper

2.921465

Our calculations reveal that the average difference (the systematic bias) between Instrument A

and Instrument B is 0.5 grams. Furthermore, the 95% confidence interval, which establishes our

Limits of Agreement, ranges from -1.921 (lower limit) to 2.921 (upper limit). These three calculated

https://en.wikipedia.org/wiki/Confidence_interval
https://en.wikipedia.org/wiki/Confidence_interval
https://en.wikipedia.org/wiki/Standard_score
https://en.wikipedia.org/wiki/Standard_score
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values--the mean difference, the lower LOA, and the upper LOA--will form the essential horizontal

reference lines that anchor our graphical evaluation.

Step 4: Visualizing the Data using ggplot2

The culmination of the analysis is the visualization of these metrics, which allows for immediate,

intuitive evaluation of agreement. We employ the R package ggplot2, widely favored for generating

sophisticated and publication-ready statistical graphics. The visualization setup maps the average

measurement (avg) to the x-axis and the calculated difference (diff) to the y-axis.

The visualization code integrates several geometric elements. The primary data points are plotted

using geom_point, representing each paired measurement. Crucially, three horizontal reference

lines are added using geom_hline: a solid black line representing the mean difference (systematic

bias), and two dashed red lines indicating the upper and lower Limits of Agreement.

Effective communication requires clear labeling. We use ggtitle, ylab, and xlab functions to

ensure the plot is fully descriptive, specifying the comparison being made and the exact meaning

of the axes. Using the R environment and the descriptive nature of ggplot2 syntax ensures the

reproducibility and clarity of the resulting graph.

#load ggplot2

library(ggplot2)

#create Bland-Altman plot

ggplot(df, aes(x = avg, y = diff)) +

geom_point(size=2) +

geom_hline(yintercept = mean_diff) +

geom_hline(yintercept = lower, color = "red", linetype="dashed") +

geom_hline(yintercept = upper, color = "red", linetype="dashed") +

ggtitle("Bland-Altman Plot: Comparing Instrument A and B") +

ylab("Difference Between Measurements (A - B)") +

xlab("Average Measurement (A + B) / 2")

The resulting graphical output provides the visual evidence required to evaluate the instruments'

agreement across the range of measured values:

https://www.r-project.org/
https://ggplot2.tidyverse.org/
https://www.r-project.org/
https://ggplot2.tidyverse.org/
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Interpreting the Bland-Altman Plot

The final visualization offers immediate, critical insight into the interchangeability of Instrument A

and Instrument B. The x-axis represents the magnitude of the measurement (the average weight),

spanning the entire observed range. The y-axis isolates the degree of disagreement (the

difference, A minus B) for each observation.

The solid black line, positioned at Y=0.5, clearly marks the average difference or systematic bias.

Because this line is slightly positive, we can conclude that Instrument A consistently measures

weights 0.5 grams higher than Instrument B, on average. This represents a minor, consistent bias

that must be accounted for if the instruments are deemed interchangeable.

The two red dashed lines define the 95% Limits of Agreement (LOA). The statistical criterion for

agreement requires that the differences for approximately 95% of all subjects must fall between

these upper (2.921) and lower (-1.921) limits. In this specific visualization, all twenty data points lie

comfortably within the calculated LOA, suggesting strong general agreement between the

methods.

https://statistics.arabpsychology.com/?p=10578
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Beyond simply counting points within the boundaries, it is essential to examine the scatter pattern.

Ideally, points should exhibit random scatter around the mean difference line. If the spread of

points widens as the average measurement increases (often resulting in a "funnel" or cone shape),

this indicates a proportional bias. This means the methods agree well for small measurements but

diverge significantly for larger ones. In our example, the points are reasonably scattered

horizontally, suggesting the agreement is consistent regardless of the frog's weight, thus indicating

no strong proportional bias.

The ultimate decision regarding the interchangeability of the instruments must transcend purely

statistical results. While the LOA provides the statistical bounds--in this case, suggesting 95% of

differences will fall between -1.921 and 2.921 grams--the biologist must determine if an error range

of up to ±2.9 grams is acceptable error for their study's purpose. If this range is deemed too wide

to meet the precision requirements of the experiment, the instruments are functionally not

interchangeable, despite the data points falling within the statistical 95% confidence interval.
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