
Can you explain to me what a one-way ANOVA is? 

Of course! Let’s go step-by-step 👇

🎯  Purpose of a One-Way ANOVA

A one-way ANOVA (Analysis of Variance) is a statistical test used to determine whether

there are significant differences between the means of three or more independent

groups.

It’s called “one-way” because it involves only one independent variable (factor) that

has two or more levels (groups).

🧠  Example

Suppose you’re studying whether different diets affect weight loss:

Group 1: Low-carb diet

Group 2: Low-fat diet

Group 3: Mediterranean diet

Your dependent variable is weight loss (in pounds).

Your independent variable is diet type, which has 3 levels.

A one-way ANOVA tests:

⚙️  The Logic Behind ANOVA

ANOVA works by comparing two types of variability:

1. Between-group variability

→ How much the group means differ from the overall mean.

This reflects the effect of the treatment.

Is the average weight loss the same across all diet types?

12/1/25, 9:35 AM One-way ANOVA explanation

https://chatgpt.com/c/6913a52f-26a4-832b-a736-5812fd912a7e 1/20



2. Within-group variability

→ How much individual values differ within each group.

This reflects random noise or natural variation.

Then, it forms a ratio:

If groups are very different, the between-group variance will be large, and the F-

statistic will be high.

📊  Interpretation

Null hypothesis (H₀): All group means are equal.

Alternative hypothesis (H₁): At least one group mean differs.

If the p-value < 0.05, you reject H₀, meaning there’s a statistically significant

difference between the groups.

🔍  Follow-up (Post-hoc Tests)

If ANOVA shows a significant result, it doesn’t tell you which groups differ.

You then run post-hoc tests (like Tukey’s HSD) to compare all pairs of means.

🧾  Assumptions

1. Independence: Observations are independent.

2. Normality: Data in each group are approximately normally distributed.

3. Homogeneity of variances: Variances are roughly equal across groups.

🧩  Quick Comparison

F = ​

Within-group variance
Between-group variance

μ ​ =1 μ ​ =2 μ ​3
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Test When to Use

t-test Compare means of 2 groups

One-way ANOVA Compare means of 3+ independent groups

Two-way ANOVA Two factors (e.g., diet and exercise type)

Would you like me to show you how to run and interpret a one-way ANOVA in R, Stata,

or Python (with an example dataset)?

Can you show me an example of a one-way ANOVA in R?

Absolutely 👍  Let’s go through a complete example of a one-way ANOVA in R — step

by step, including data creation, running the model, and interpreting results.

🧠  Example Question

You have three groups of students:

Method A

Method B

Method C

🧮  Step 1. Create the data

Do different teaching methods lead to different average test scores?

r

# Simulated dataset
set.seed(123)  # for reproducibility

Copy code
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📊  Step 2. Run the one-way ANOVA

Example Output

🔍  Step 3. Interpret the Results

F value = 24.93, p < 0.001

This means there’s a significant difference between at least one pair of teaching

methods.

→ You reject the null hypothesis that all means are equal.

MethodA <- rnorm(20, mean = 75, sd = 5)
MethodB <- rnorm(20, mean = 80, sd = 5)
MethodC <- rnorm(20, mean = 85, sd = 5)

# Combine into one data frame
scores <- c(MethodA, MethodB, MethodC)
method <- factor(rep(c("A", "B", "C"), each = 20))

df <- data.frame(method, scores)

head(df)

r

# Fit the ANOVA model
anova_model <- aov(scores ~ method, data = df)

# View summary
summary(anova_model)

Copy code

r

             Df Sum Sq Mean Sq F value Pr(>F)    
method        2  1243.2   621.6   24.93 1.2e-08 ***
Residuals    57  1421.8    24.9                   

Copy code
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🧩  Step 4. Post-hoc Test (Tukey HSD)

To see which pairs differ, run:

Example output:

Interpretation:

All p-values < 0.05 → all pairs of methods differ significantly.

🧾  Step 5. Check Assumptions

1️⃣  Normality (residuals):

2️⃣  Homogeneity of variances:

r

TukeyHSD(anova_model)

Copy code

powershell

  Tukey multiple comparisons of means
    95% family-wise confidence level

Fit: aov(formula = scores ~ method, data = df)

$method
     diff    lwr    upr   p adj
B-A  4.89  2.32   7.46  0.0001
C-A 10.12  7.55  12.69  <0.0001
C-B  5.23  2.66   7.80  0.0001

Copy code

r

shapiro.test(residuals(anova_model))

Copy code

r

library(car)

Copy code
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If both are non-significant (p > 0.05), assumptions are reasonably met.

🎨  Step 6. Visualize the Results

Would you like me to show how to report these results formally (as you would in a paper

or report, e.g., “F(2,57) = 24.93, p < .001”)?

leveneTest(scores ~ method, data = df)

r

boxplot(scores ~ method, data = df,
        main = "Test Scores by Teaching Method",
        xlab = "Teaching Method", ylab = "Score",
        col = c("skyblue", "lightgreen", "salmon"))

Copy code

Can you show me how to visualize a one-way ANOVA?

Absolutely — great question 👏

Visualizing your one-way ANOVA is one of the best ways to understand group

differences before and after running the test. Let’s go through several common (and

effective) ways to do it in R.

🧠  Example Setup

Let’s reuse our earlier dataset:

r

set.seed(123)

Copy code
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🎨  1️⃣  Basic Boxplot (Quick Visualization)

Why it’s useful:

Shows medians, spread, and potential outliers by group.

You’ll immediately see if one method’s scores are higher or more variable.

🌈  2️⃣  Mean Plot with Error Bars (using ggplot2 )

This is a polished, publication-quality visualization.

MethodA <- rnorm(20, mean = 75, sd = 5)
MethodB <- rnorm(20, mean = 80, sd = 5)
MethodC <- rnorm(20, mean = 85, sd = 5)

scores <- c(MethodA, MethodB, MethodC)
method <- factor(rep(c("A", "B", "C"), each = 20))
df <- data.frame(method, scores)

r

boxplot(scores ~ method, data = df,
        main = "Test Scores by Teaching Method",
        xlab = "Teaching Method", ylab = "Score",
        col = c("skyblue", "lightgreen", "salmon"))

Copy code

r

library(ggplot2)

ggplot(df, aes(x = method, y = scores, fill = method)) +
  stat_summary(fun = mean, geom = "bar", color = "black", width = 0.6) +
  stat_summary(fun.data = mean_se, geom = "errorbar", width = 0.2) +
  labs(title = "Mean Test Scores by Teaching Method",
       x = "Teaching Method", y = "Mean Score") +
  theme_minimal() +
  theme(legend.position = "none")

Copy code
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Interpretation:

Each bar shows the group mean, and the error bars show ±1 standard error.

You can see which groups have visibly higher means.

📊  3️⃣  Violin + Boxplot Combo (for distribution shape)

Why it’s useful:

Combines group summary (boxplot) and full distribution shape (violin plot).

You can see both mean differences and distribution symmetry or skew.

🔍  4️⃣  Add Significance Annotations (optional)

After running your ANOVA and Tukey test, you can visualize which pairs differ

significantly.

r

ggplot(df, aes(x = method, y = scores, fill = method)) +
  geom_violin(trim = FALSE, alpha = 0.5) +
  geom_boxplot(width = 0.1, color = "black") +
  labs(title = "Distribution of Test Scores by Method",
       x = "Teaching Method", y = "Score") +
  theme_minimal() +
  theme(legend.position = "none")

Copy code

r

library(ggpubr)

# Run ANOVA
anova_model <- aov(scores ~ method, data = df)

# Pairwise comparisons
pairwise <- TukeyHSD(anova_model)$method

# Plot with significance
ggboxplot(df, x = "method", y = "scores", fill = "method") +
  stat_compare_means(method = "anova", label.y = 95) +      # overall ANOVA

Copy code
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(Requires the ggpubr package.)

🧩  Summary of Visualization Choices

Visualization Use Case

Boxplot Quick check for differences and outliers

Mean ± SE bar plot Show average differences clearly

Violin plot Visualize distributions’ shapes

Annotated plot Combine results + significance

Would you like me to show you how to add the actual ANOVA p-value and Tukey test

results directly onto a ggplot bar chart (so it looks like a journal figure)?

  stat_compare_means(label = "p.signif", method = "t.test", 
                     ref.group = "A", hide.ns = TRUE) +     # pairwise tes
  labs(title = "ANOVA Results with Significance",
       x = "Teaching Method", y = "Score") +
  theme_minimal()

Can you make me a graph. I WANT TO SEE IT PLEASE
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Here’s your one-way ANOVA visualization — a boxplot showing the distribution of test

scores for each teaching method (A, B, and C). You can see that Method C has the

highest median scores, followed by B, then A. 

Can you explain to me the difference between a one-way

anova and a PERMANOVA?

Excellent question — this gets into an important distinction between parametric and

nonparametric ways of comparing group differences 🔬

Let’s break it down clearly and systematically 👇

🎯  Overview

Feature One-Way ANOVA
PERMANOVA (Permutational
Multivariate ANOVA)

Type of test Parametric Nonparametric (permutation-

based)
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Feature One-Way ANOVA
PERMANOVA (Permutational
Multivariate ANOVA)

Data type Univariate (one response

variable)

Multivariate (many response

variables)

What it tests Difference in means among

groups

Difference in centroids

(multivariate means) among

groups

Assumptions Normality, equal variances

(homoscedasticity),

independence

Fewer assumptions — uses

permutations; assumes similar

dispersion among groups

Typical input Numeric response (e.g.,

weight, score)

Distance or dissimilarity matrix

(e.g., Bray–Curtis, Euclidean)

Common R function aov()  or lm() adonis()  from vegan package

Used in Classical experimental design Ecology, microbiome, community

composition, or multivariate

datasets

🧠  Conceptual Difference

🧩  One-way ANOVA

Compares group means of a single numeric variable.

Based on variance decomposition:

Assumes data come from a normal distribution with equal variances.

➡️  Example:

Compare average test scores among 3 teaching methods.

🌍  PERMANOVA (Permutational ANOVA)

Compares multivariate group centroids in a distance matrix.

F = ​

Within-group variance
Between-group variance
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Works by permuting group labels many times (e.g., 999 permutations) to test how

likely your observed group differences are under the null hypothesis.

Can handle any distance measure, not just Euclidean — useful for ecological or

compositional data.

➡️  Example:

Compare microbial community composition among 3 environments, where each

sample has hundreds of species abundance values.

⚙️  Mathematical Idea of PERMANOVA

1. Compute a distance matrix  (e.g., Bray–Curtis).

2. Partition total variation in distances into:

Among-group variation

Within-group variation

3. Compute an F-statistic analogous to ANOVA.

4. Generate a p-value by permutation — randomly shuffle group labels many times

and see how often an F-statistic that large occurs by chance.

🧪  Example in R

🔹  One-way ANOVA

🔹  PERMANOVA (using vegan  package)

D

r

aov_result <- aov(scores ~ method, data = df)
summary(aov_result)

Copy code

r

library(vegan)
adonis_result <- adonis2(df_multivariate ~ method, data = metadata, method 
adonis_result

Copy code
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⚠️  Cautions with PERMANOVA

Sensitive to differences in dispersion (spread) among groups — not just centroid

location.

→ You can check this with betadisper()  in vegan .

It doesn’t tell you which groups differ — you need pairwise PERMANOVA (e.g.,

pairwise.adonis ).

🔍  In Summary

Concept One-Way ANOVA PERMANOVA

Response variable Single numeric Multivariate (matrix of variables)

Assumptions Normality, equal

variances

Fewer; uses permutation

Statistic F-ratio from means Pseudo-F from distances

p-value source F-distribution Random permutations

Typical use Comparing means Comparing multivariate community

structures

Would you like me to show an example of PERMANOVA in R using a small multivariate

dataset (so you can see the output and how it differs from ANOVA)?

yes please show me an example

Perfect 👍  — let’s go through a PERMANOVA example in R step-by-step, with a small

simulated dataset so you can see exactly how it works and how it differs from a one-way

ANOVA.
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🧠  Scenario

Imagine you’re studying microbial communities in three environments:

Soil

Water

Air

Each sample has the abundance of 5 species.

You want to know:

🧮  Step 1. Create example data

Do these environments have significantly different community compositions?

r

# Load library
library(vegan)

set.seed(123)

# Simulate species abundance data (5 species x 15 samples)
species_data <- data.frame(
  sp1 = rpois(15, lambda = rep(c(5, 15, 25), each = 5)),
  sp2 = rpois(15, lambda = rep(c(10, 20, 30), each = 5)),
  sp3 = rpois(15, lambda = rep(c(20, 10, 5), each = 5)),
  sp4 = rpois(15, lambda = rep(c(15, 25, 20), each = 5)),
  sp5 = rpois(15, lambda = rep(c(5, 5, 10), each = 5))
)

# Group labels (environments)
environment <- factor(rep(c("Soil", "Water", "Air"), each = 5))

# Combine into one data frame
df <- data.frame(environment, species_data)
head(df)

Copy code
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🔍  Step 2. Run the PERMANOVA

Example Output:

🧾  Step 3. Interpret the Results

F = 6.32, p = 0.001

The p-value is based on 999 permutations, not a theoretical distribution.

Interpretation:

R² = 0.613 → about 61% of variation in community composition is explained by

environment.

🧩  Step 4. Check for Equal Dispersion

Because PERMANOVA is sensitive to differences in spread, check with betadisper() :

r

# Run PERMANOVA using Bray–Curtis distance
adonis_result <- adonis2(species_data ~ environment, data = df, method = "

adonis_result

Copy code

sql

Permutation test for adonis under reduced model
Permutation: free
Number of permutations: 999

Terms added sequentially (first to last)

            Df SumOfSqs      R2      F Pr(>F)    
environment  2   1.2081  0.6129  6.321  0.001 ***
Residual    12   1.1463  0.3871                 
Total       14   2.3544  1.0000                 

Copy code

The microbial communities differ significantly among environments.
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If the p-value > 0.05, the assumption of equal dispersion holds — good!

If not, differences may partly reflect different variabilities among groups, not just

location differences.

🎨  Step 5. Visualize the Differences

🟢  The ellipses show each environment’s community cluster; if they’re well-separated, it

supports your PERMANOVA result.

✅  In Summary

Concept PERMANOVA

Goal Test if multivariate community compositions differ by group

r

disp <- betadisper(vegdist(species_data, method = "bray"), environment)
anova(disp)

Copy code

r

library(ggplot2)

# Ordination for visualization (non-metric multidimensional scaling)
nmds <- metaMDS(species_data, distance = "bray", k = 2, trymax = 100)

# Extract scores for plotting
nmds_data <- as.data.frame(scores(nmds))
nmds_data$environment <- environment

ggplot(nmds_data, aes(x = NMDS1, y = NMDS2, color = environment)) +
  geom_point(size = 3) +
  stat_ellipse(level = 0.68) +
  labs(title = "NMDS Ordination of Community Composition",
       subtitle = "Colors represent environments (PERMANOVA significant)",
       x = "NMDS1", y = "NMDS2") +
  theme_minimal()

Copy code
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Concept PERMANOVA

Input Dissimilarity matrix (e.g., Bray–Curtis)

Test type Nonparametric permutation test

Output F-statistic, R², permutation-based p-value

Visualization Ordination (e.g., NMDS or PCoA) with group ellipses

Would you like me to generate a visualization (like the NMDS plot) right here so you

can see how those group separations look?

Yes please

Here’s your NMDS ordination plot 👆  — each point represents a sample, and colors

represent environments (Soil, Water, Air).

You can see that samples from the same environment cluster closely together, while the

clusters are well separated — this visual separation supports the PERMANOVA result
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that community composition differs significantly among environments. 

Can you give me some references to read about

PERMANOVA

Here are several solid references you can read to deepen your understanding of

PERMANOVA (Permutational Multivariate Analysis of Variance) — its theory,

applications, assumptions and limitations.

📚  Recommended Readings

1. Marti J. Anderson (2014) “Permutational multivariate analysis of variance

(PERMANOVA)”.

This is a comprehensive reference that explains PERMANOVA’s geometric

partitioning of variation and its permutation-based inference framework.

Good for understanding the foundational theory.

Explains how sums-of-squares are computed in distance/dissimilarity space.

Discusses extensions to complex designs (covariates, multivariate responses).

2. Anderson (2001) “Permutation tests for univariate or multivariate analysis of

variance and regression” (Austral Ecology).

A slightly older but very useful paper that places PERMANOVA in the broader

context of permutation-based statistical tests. 

Good for seeing how permutation tests compare to classical parametric

methods.

Helps understand assumptions and limitations.

3. PERMANOVA+ for PRIMER: Guide to Software and Statistical Methods (Anderson,

Gorley & Clarke, 2008).

A practical guide aimed at ecologists, showing how to run PERMANOVA in software

and interpret results. 

Good for applied usage (software workflow, design issues).

Wiley Online Libr… +1

Canadian Scienc…

ScienceOpen +1
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Helpful for non-statisticians.

4. Applied Multivariate Statistics in R (Chapter on PERMANOVA by J. D. Bakker, 2024)

– “PERMANOVA – Applied Multivariate Statistics in R”.

A recent treatment that explains PERMANOVA in the context of multivariate data in

R, including its flexibility and limitations. 

Good for applied users working with R.

Clear explanation of assumptions, design issues, distance metrics.

5. Zhu et al. (2021) “Constraining PERMANOVA … matched-set microbiome data” (in

Microbiome journal).

A more specialised, advanced paper exploring how PERMANOVA can be used in

complex settings (matched-sets, unbalanced designs, covariates) and how design

choices matter. 

Useful for researchers working with complex experimental designs (e.g.,

longitudinal/matched microbiome data).

Highlights issues such as controlling for dispersion, permutation strategy.

🎯  Why These Are Good

They cover both theory and practice: how PERMANOVA works under the hood and

how to implement it.

They span introductory to advanced design issues, so you can go from basics to

more complex applications.

They show limitations, e.g., sensitivity to differences in dispersion, choice of

distance measure, need for appropriate permutation scheme.

If you like, I can also pull together a full list of ~10 key papers (with links/digital object

identifiers) on PERMANOVA (including critiques, alternatives, and recent developments)

and send them to you. Would that be helpful?

Pressbooks at UW

BioMed Central

SourcesSources

Can you help me get data points from a graph?
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Yes — I can definitely help you with that ✅

Here’s what I can do for you:

If you upload an image of the graph, I can:

1. Extract approximate data points directly from the plot,

2. Return them in a CSV or table format, and

3. Optionally recreate the graph in R, Python, or Excel-compatible format.

🪄  What I need from you:

Please upload the image of the graph (JPEG, PNG, PDF, etc.).

Tell me:

Which axis represents which variable (e.g., “X = time, Y = concentration”), and

Whether you want the output as a CSV, table, or plotted graph.

Once you upload the image, I’ll extract the data points for you.
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