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• What are GLMs?

• Hypothesis testing

• Simple Linear Regression (“lm”)
• Principles

• Running in R

• Interpreting results: stats and plots

M6.1- Basics of GLMs



Terminology

Term Use

Response Variable we are trying to predict ("dependent variable" or "target")

Independent variable A variable used to predict the response ("predictor", "feature")

Record Vector of predictor(s) and outcome value from an observation

Intercept Predicted value when X = 0

Regression Coefficient Slope of the regression line

Fitted values Estimates of Y obtained from the regression line (aka “prediction”)

Residuals Difference between observed and fitted values (errors)

Least Squares Method used to find line that minimizes squared sum of residuals



General workflow

 View data: Scatterplot of Y vs X

 Can you see a trend?

 Transform an axis? 

 Create the linear model

 Finds the best fit line (ordinary least squares method)

 Assumes residuals are normal; sensitive to outliers

 Assumes causation

 Examine the model summary & plots



Interpreting results



Plots…



Plots…



Plots…



Plots…



Multiple Linear Regression

 Many independent variables to predict “y”

 Correlation matrices

 Issue of overfitting…

 Akaike’s Information Criterion (AIC)



Multiple Linear Regression: Workflow

 Generate linear model (`lm`)

 Apply `step()` function to resulting model

 Note initial AIC

 Note change in AIC with removal (addition) of single terms

 If AIC decreases with removal, then remove the term(s) 
and re-run `lm`

 Repeat: `step()` will suggest final linear regression model

 Run suggested model and report findings: Does R2 
increase?



M6.2 – ANOVA 

• Predicting Y from categorical variables

• Terminology



Terminology

 Factor: A variable used to group data, suspected to 
explain variability in another [response] variable.
 Example: Land cover from which a litter sample was 

collected

 Levels: The different values found in the factor
 Example: Forest, Wetland, Shrub

 Balanced Design: 
 All levels have equal number of observations



ANOVA: Assumptions

 Populations are normally distributed

 Variances are equal

 Observations are independent



ANOVA: Litter biomass across sites

 Group data by factor (plot, date, land cover class)

 Compute sum of dry mass across combos of factors

 Examine summaries
 Value ranges and variance, factor levels

 Assess assumptions
 Population sizes equal? No…

 Normality? Shapiro test →  Only two sites..

 Normality? QQ Plot → Not normal

 Equal variance? Bartlett test → Not normal

 Compute ANOVA: `AOV`



ANOVA: Results

“aov”

“lm”



ANOVA: Post Hoc tests

 If means are found not to be the same, which are 
different?

 Tukey HSD → Compares all pairwise combinations

 Computes diff of mean, overall lower and upper values

 Finds groups



ANOVA: Post Hoc tests

 Box plots!



Two-way ANOVA

 Do samples have different mean dry mass among 
groupings by functional group and NLCD class?

 Interactive effects…



Two-way ANOVA: Post Hoc 

 Tukey’s HSD

 Create interaction list (all combinations):

 Run ANOVA on that…

 Run HSD.test on ANOVA results…

 Find functional groups…



• T-tests: 

• 1-sample & 2-sample;

• 1-sided & 2-sided

M6.3 – T-test



Question

 On average, do daily ozone values in our data meet 
the air quality standards of 50 ppm?



One Sample T-Test

Tests for different response among samples in two groups…

One-sample T-test: Is the mean equal to 50 ppm

 Ho: The difference the sample mean and the value is zero

 Ha: The difference is NOT zero (two-sided);
The difference is GREATER THAN zero (one-sided); 
The difference is LESS THAN zero (one-sided);



T-test: Workflow

 State the hypothesis:

 H0: Mean ozone is >= 50ppm (one-sided)

 Ha: Mean ozone is < than 500ppm 

 Examine the data:

 What is the reported mean of our sample?

 Test for normality (Shapiro-Wilks; histogram; QQplot)

 T-test (one-tail?)

 Summarize results

 Put result into words

 Reference the test used, the test-statistic, and the p-value



1-sample, 1-sided T-test: Output



Two-Sample T-Tests

 Do two samples have different means?

 H0: Samples have the same mean

 Ha: Samples have different means

 Assumptions:

 Normal distributions

 Similar variances 



2-sample T-test result

 As T-test

 As linear model→



• Exercises…
• Linear regression

M6.3 - Exercises



Exercise 2: Density plot



Exercise 2: Box plot



Exercise 2: Violin plot



Exercise 3&4: Linear Regression

 Can we predict PM2.5 from Ozone? 



Exercise 3&4



Exercise 5: Correlation matrix

 Tip: 

 Subset dataframe to include numeric columns only

 Remove NAs



Exercise 6: Stepwise AIC

PM2.5 ~ 

Ozone + Year + Month + SITE_LATITUDE + SITE_LONGITUDE

All Terms

Trimmed…
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