
Lesson 4: 
Multiple Regression



Learn about multiple regression

This Lesson’s Goals

Summarise results in an R Markdown document

Do a multiple regression in R

Make a figure for data for a multiple regression
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Math (Part 1)



 yi = a + bxi + ei

What if you have two 
variables?



 yi = a + bxi + ei

 yi = a + b1x1i + b2x2i + ei
new 

variable



 yi = a + b1x1i + b2x2i + ei

yi = specific y value 

a = intercept 

b1 = slope of first variable 

x1i = specific x value for         
first variable 

b2 = slope of second          
variable 

x2i = specific x value for 
second variable 

ei = random variance or the 
residual
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 yi = a + b1x1i + b2x2i + ei
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 yi = a + b1x1i + ei  yi = a + b2x2i + ei

 yi = a + b1x1i + b2x2i + ei
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 yi = a + b1x1i + ei  yi = a + b2x2i + ei

 yi = a + b1x1i + b2x2i + ei
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 yi = a + b1x1i + b2x2i + ei



What is ‘a’?
complicated

“In conclusion, when you fit an additive model…, the 
parameters are the difference of the mean per category (of 

only one factor) and the intercept is the estimated value of the 
response variable for the first modalities of each factor under 

the assumption of additivity.” 

Stack Exchange, gui11aume 
emphasis original



R Code (Part 1)



 yi = a + b1x1i + b2x2i + ei

lm(prop_log10_mean ~ century_half + sex)



multiple regression with two variables
lm(prop_log10_mean ~ century_half + sex)

simple regression with one variable (century_half)
lm(prop_log10_mean ~ century_half)

simple regression with one variable (sex)
lm(prop_log10_mean ~ sex)



I thought the whole point of this was 
that there was an interaction. 

This model doesn’t account for that.

Let’s run a
multiple regression with an interaction.



Math (Part 2)



 yi = a + b1x1i + b2x2i + ei

 yi = a + b1x1i × b2x2i + ei

 yi = a + b1x1i + b2x2i + 
b3x1ix2i + ei

new 
coefficient



 yi = a + b1x1i + b2x2i + 
+ b3x1ix2i + ei

yi = specific y value 

a = intercept 

b1 = slope of first variable 

x1i = specific x value for         
first variable 

b2 = slope of second 
variable 

x2i = specific x value for 
second variable 

b3 = slope of third variable 
(interaction) 

ei = random variance or the 
residual
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 yi = a + b1x1i + b2x2i + b3x1ix2i + ei

x10 x11

x20 x21

x10x20
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 yi = a + b1x1i + b2x2i + b3x1ix2i + ei

x1 = 0 
x2 = 0

x10x20

x10x21

x11x20

x11x21

x10 x11

x20 x21



x10x21

x11x21
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 yi = a + b1x1i + b2x2i + b3x1ix2i + ei

AD

BD

x1 = 1 
x2 = 0

x10x20

x11x20

x10 x11

x20 x21



x11x20

x11x21
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 yi = a + b1x1i + b2x2i + b3x1ix2i + ei

BC

BD

x1 = 0 
x2 = 1

x10x20

x10x21

x10 x11

x20 x21
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 yi = a + b1x1i + b2x2i + b3x1ix2i + ei

b3 = x11x21 - a - b1 - b2

x1 = 1 
x2 = 1

x10x20

x10x21

x11x20

x11x21

x10 x11

x20 x21
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x10

Group Means Model

x10x20 a

x11x20 a + b1

x10x21 a + b2

x11x21 a + b1 + b2 + b3

x10x20

x10x21

x11x20

x11x21

x11

x20 x21

 yi = a + b1x1i + b2x2i + b3x1ix2i + ei
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R Code (Part 2)



 yi = a + b1x1i + b2x2i + b3x1ix2i + ei

lm(prop_log10_mean ~ century_half * sex)



 yi = a + b1x1i + b2x2i + b3x1ix2i + ei

lm(prop_log10_mean ~ century_half * sex)



 yi = a + b1x1i + b2x2i + b3x1ix2i + ei

lm(prop_log10_mean ~ 
relevel(century_half, “second”) * sex)



multiple regression with interaction

multiple regression without interaction



multiple regression with interaction

multiple regression without interaction

multiple regression with interaction
“century_half” releveled



Lab





Data set: Extinction Likelihood of 
Star Trek Alien Species 

Series: Is a given species more or less likely to become extinct in “Star 
Trek: The Original Series” or “Star Trek: The Next Generation? 

Alignment: Is a given species more or less likely to become extinct if it 
is a friend or a foe of the Enterprise? 

Series x Alignment: Is there an interaction between these variables?

likely to become extinct or not

series

alignment
source: The Star Trek Project

yi 
a 
b1 
x1 
b2 
x2

= 
= 
= 
= 
= 
=

? - will get from model
? - will get from model

? - will get from model



dplyr, purrr

data =



dplyr, purrr

verb

data = list.files(path = “data",
                 full.names = T)



data = list.files(path = “data",
                 full.names = T)

dplyr, purrr

verb
location 
of files



dplyr, purrr

verb

how to 
name files

location 
of files

data = list.files(path = “data",
                 full.names = T)



dplyr, purrr

verb

how to 
name files

verb
location 
of files

data = list.files(path = “data",
                 full.names = T) %>%
       map(
          na.strings = c("", NA))



dplyr, purrr

verb

how to 
name files

verb
what to do 

to files
location 
of files

data = list.files(path = “data",
                 full.names = T) %>%
       map(read.table,,
                                )



dplyr, purrr

verb

how to 
name files

verb
what to do 

to files
location 
of files

data = list.files(path = “data",
                 full.names = T) %>%
       map(read.table, header = T, sep = “\t",
          na.strings = c("", NA))



dplyr, purrr

verb

how to 
name files

verb
what to do 

to files
verb

location 
of files

data = list.files(path = “data",
                 full.names = T) %>%
       map(read.table, header = T, sep = “\t",
          na.strings = c("", NA)) %>%
       reduce(     )



dplyr, purrr

verb

how to 
name files

verb
what to do 

to files
verb what to do 

to data frames

location 
of files

data = list.files(path = “data",
                 full.names = T) %>%
       map(read.table, header = T, sep = “\t",
          na.strings = c("", NA)) %>%
       reduce(rbind)



dplyr

data_clean = data %>%



dplyr

data_clean = data %>%
             ...



dplyr

verb

data_clean = data %>%
             ...
             group_by(series, alignment,
                      alien)



dplyr

variables 
to group by

verb

data_clean = data %>%
             ...
             group_by(series, alignment,
                      alien)



dplyr

variables 
to group by

verb

verb

data_clean = data %>%
             ...
             group_by(series, alignment,
                      alien) %>%
             arrange(episode)



dplyr

variables 
to group by

verb

verb

variable to  
order by 

(ascending)

data_clean = data %>%
             ...
             group_by(series, alignment,
                      alien) %>%
             arrange(episode)



dplyr

variables 
to group by

verb

verb

variable to  
order by 

(ascending)

verb

data_clean = data %>%
             ...
             group_by(series, alignment,
                      alien) %>%
             arrange(episode) %>%
             filter(row_number() == 1)



dplyr

variables 
to group by

verb

verb

variable to  
order by 

(ascending)

verb
rows 

to keep

data_clean = data %>%
             ...
             group_by(series, alignment,
                      alien) %>%
             arrange(episode) %>%
             filter(row_number() == 1)



dplyr

variables 
to group by

verb

remove 
grouping

verb

variable to  
order by 

(ascending)

verb
rows 

to keep

data_clean = data %>%
             ...
             group_by(series, alignment,
                      alien) %>%
             arrange(episode) %>%
             filter(row_number() == 1) %>%
             ungroup()



ggplot2

extinct.plot =



extinct.plot = ggplot(data_figs,
                      aes(x = series,
                          y = perc_extinct,
                          fill = alignment))

ggplot2

variable for 
color fill



ggplot2

variable for 
color fill

make bars 
side-by-side

extinct.plot = ggplot(data_figs,
                      aes(x = series,
                          y = perc_extinct,
                          fill = alignment)) +
               geom_bar(stat = “identity",
                        position = "dodge")



ggplot2

variable for 
color fill

make bars 
side-by-side

add a 
horizontal line

extinct.plot = ggplot(data_figs,
                      aes(x = series,
                          y = perc_extinct,
                          fill = alignment)) +
               geom_bar(stat = “identity",
                        position = "dodge") +
               ylim(0, 100) +
               geom_hline(yintercept = 50)



ggplot2

variable for 
color fill

make bars 
side-by-side

location 
of line

add a 
horizontal line

extinct.plot = ggplot(data_figs,
                      aes(x = series,
                          y = perc_extinct,
                          fill = alignment)) +
               geom_bar(stat = “identity",
                        position = "dodge") +
               ylim(0, 100) +
               geom_hline(yintercept = 50)



ggplot2

variable for 
color fill

make bars 
side-by-side

set colors 
manually

location 
of line

add a 
horizontal line

extinct.plot = ggplot(data_figs,
                      aes(x = series,
                          y = perc_extinct,
                          fill = alignment)) +
               geom_bar(stat = “identity",
                        position = "dodge") +
               ylim(0, 100) +
               geom_hline(yintercept = 50) +
               scale_fill_manual(
                   values = c("red", "yellow"))



ggplot2

variable for 
color fill

make bars 
side-by-side

set colors 
manually list colorslocation 

of line

add a 
horizontal line

extinct.plot = ggplot(data_figs,
                      aes(x = series,
                          y = perc_extinct,
                          fill = alignment)) +
               geom_bar(stat = “identity",
                        position = "dodge") +
               ylim(0, 100) +
               geom_hline(yintercept = 50) +
               scale_fill_manual(
                   values = c("red", "yellow"))


