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Two-sample t-test
I. Data & Hypothesis
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• ozone  read_csv(“ozone.csv”)

• Question: Ozone level differs between east/west?

• Null Hypothesis (H0): No difference (1=2)



Two-sample t-test
II. Data Visualization
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Boxplot Violin plot

Ozone %>%

 ggplot(data = ozone, aes(x = Garden.location, y 

= Ozone)) + 

 geom_violin() + 

 geom_jitter(shape=1, color="red") + 

 theme_bw()

ozone %>%

 ggplot(data = ozone, aes(x = 

Garden.location, y = Ozone)) + 

 geom_boxplot() + 

 geom_jitter(shape=1, color="red") + 

 theme_bw()
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Two-sample t-test
III. Run t-test

P value – 

• Probability that observed difference is 

due to chance

• (more specifically) probability that t 

>= 4.2363 under null hypothesis (H0)



T-test
IV. Re-plot & Conclude
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Conclusions:

• Statistical conclusion: The null hypothesis (same mean) is rejected at p=5.2 10-14 

• Biological conclusion: The ozone level is significantly different between the east 

& west locations

P = 5.2 10-14 



Linear Regression
I. Data & Hypothesis
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• Biological Question: Does soil moisture affect 

growth rate?

• Null Hypothesis (H0): No correlation (r=0)



Linear Regression
II. Visualization
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Linear Regression
III. Run linear model
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Conclusions:

• The null hypothesis (no 

correlation) is rejected at 

p<2.2e-16 

• The plant growth rate is 

significantly correlated with 

soil moisture with 

R2=0.7599



Linear Regression
IV. Re-plot (add regression line & confidence band)
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Data Analysis Workflow
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Hypothesis

• Define the biological question

• Design a null hypothesis (H0)

• Define an alternative hypothesis (H1)

Visualization

• Identify variables and variable types

• Show data distributions (transform if necessary)

• Show data relations

Modeling

• Run statistical tests (e.g., t-test, linear regression)

• Interpret test results (e.g., is null hypothesis rejected?)

Conclude

• Re-plot

• Draw statistical conclusions

• Draw biological conclusions



PRACTICE #4

● Does the “Sepal.Length” differ between the two species “virginica” & “vesicolor”? 

Perform a t-test and include all 4 steps

● How about the “Sepal Width”? Perform a t-test and include all 4 steps

● Are the “Sepal.Width” and “Sepal.Length” correlated in the species “setosa”? Show all 

4 steps.

● How about in the other two species?

● Batch testing the above correlation in all 3 species at once

● Save all commands to a file “practice-4.R”
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