## ANALYSIS  OF  COVARIANCE.     (This example uses type II sum of squares)
## (No external data required).
##  This file was found at: https://cmbpum.wordpress.com/statistics-data

##  INSTRUCTIONS:

##  Windows, Mac: copy and paste into R. 

##  Linux: try copying and pasting into R. If data is not accepted you might have to remove non-breaking spaces as follows: find: \u00a0 (options: regular expression), replace all with nothing.

## install a library if necessary, then load:

ipak <- function(pkg){ 

new.pkg <- pkg[!(pkg %in% installed.packages()[, "Package"])]

if (length(new.pkg)) 

    install.packages(new.pkg, dependencies = TRUE, repos="http://cran.r-project.org")

sapply(pkg, require, character.only = TRUE)

}

packages <- c("car")
ipak(packages)
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Input = (

"Species Temp Pulse
ex 20.8 67.9
ex 20.8 65.1
ex 24 77.3
ex 24 78.7
ex 24 79.4
ex 24 80.4
ex 26.2 85.8
ex 26.2 86.6
ex 26.2 87.5
ex 26.2 89.1
ex 28.4 98.6
ex 29 100.8
ex 30.4 99.3
ex 30.4 101.7
niv 17.2 44.3
niv 18.3 47.2
niv 18.3 47.6
niv 18.3 49.6
niv 18.9 50.3
niv 18.9 51.8
niv 20.4 60
niv 21 58.5
niv 21 58.9
niv 22.1 60.7
niv 23.5 69.8
niv 24.2 70.9
niv 25.9 76.2
niv 26.5 76.1
niv 26.5 77
niv 26.5 77.7
niv 28.6 84.7
")

Data = read.table(textConnection(Input),header=TRUE)

## Simple plot

dev.new()
plot(x = Data$Temp,
 y = Data$Pulse,
 col = as.numeric(as.factor(Data$Species)),
 pch = 16,
 xlab = "Temperature",
 ylab = "Pulse")

legend('bottomright',
 legend = levels(as.factor(Data$Species)),
 col = 1:2,
 cex = 1,
 pch = 16)

## Analysis of covariance

options(contrasts = c("contr.treatment", "contr.poly")) ### These are the default contrasts in R

model.1 = lm (Pulse ~ Temp + Species + Temp:Species,
 data = Data)

library(car)
Anova(model.1, type="II")

## Anova Table (Type II tests)

## HOW DO WE INTERPRET THIS RESULT ? - what is the first step of ANCOVA testing ??  Is there a significant problem with proceeding with ANCOVA in this example ???
## SECOND - COMBINED - MODEL:
model.2 = lm (Pulse ~ Temp + Species,        ## this time assume no interaction
 data = Data)

## IS THERE A SIGNIFICANT DIFFERENCE BETWEEN y-INTERCEPTS ??

## (Note difference between y-intercepts = difference between adjusted means)
library(car)
Anova(model.2, type="II")

summary(model.2)
### The intercept for species 1 (ex) is (intercept).

### The intercept for species 2 (niv) is (intercept) + Speciesniv.

### This is determined from the contrast coding of the Species

### variable shown below, and the fact that Speciesniv is shown in

### coefficient table above.

contrasts(as.factor(Data$Species))
## niv

## ex 0

## niv 1

## Simple plot with fitted lines

I.nought = -7.21091
I1 = I.nought + 0
I2 = I.nought + -10.06529
B = 3.60275


dev.new()

plot(x = Data$Temp,
 y = Data$Pulse,
 col = as.numeric(as.factor(Data$Species)),
 pch = 16,
 xlab = "Temperature",
 ylab = "Pulse")
legend('bottomright',
 legend = levels(as.factor(Data$Species)),
 col = 1:2,
 cex = 1,
 pch = 16)
abline(I1, B,
 lty=1, lwd=2, col = 1)
abline(I2, B,
 lty=1, lwd=2, col = 2)

##  p-value and R-squared of combined model
summary(model.2)

## Checking assumptions of the model:
## Residual = Observed value - Predicted value
## 1. PLOT HISTOGRAM OF RESIDUALS - this is a quick check of what ??
dev.new()
hist(residuals(model.2),
 col="darkgray")

## 1. PLOT RESIDUALS AGAINST PREDICTED VALUES  - this is a quick check of what ??
dev.new()

plot(fitted(model.2),
 residuals(model.2)
 )

# # #

## Analysis of covariance example with three categories and type II sum of squares

## This example uses type II sum of squares, and considers a case with three groups.

Input = (

"Species Temp Pulse
ex 20.8 67.9
ex 20.8 65.1
ex 24 77.3
ex 24 78.7
ex 24 79.4
ex 24 80.4
ex 26.2 85.8
ex 26.2 86.6
ex 26.2 87.5
ex 26.2 89.1
ex 28.4 98.6
ex 29 100.8
ex 30.4 99.3
ex 30.4 101.7
niv 17.2 44.3
niv 18.3 47.2
niv 18.3 47.6
niv 18.3 49.6
niv 18.9 50.3
niv 18.9 51.8
niv 20.4 60
niv 21 58.5
niv 21 58.9
niv 22.1 60.7
niv 23.5 69.8
niv 24.2 70.9
niv 25.9 76.2
niv 26.5 76.1
niv 26.5 77
niv 26.5 77.7
niv 28.6 84.7
fake 17.2 74.3
fake 18.3 77.2
fake 18.3 77.6
fake 18.3 79.6
fake 18.9 80.3
fake 18.9 81.8
fake 20.4 90
fake 21 88.5
fake 21 88.9
fake 22.1 90.7
fake 23.5 99.8
fake 24.2 100.9
fake 25.9 106.2
fake 26.5 106.1
fake 26.5 107
fake 26.5 107.7
fake 28.6 114.7
")

Data = read.table(textConnection(Input),header=TRUE)

## Simple plot
dev.new()

plot(x = Data$Temp,
 y = Data$Pulse,
 col = as.numeric(as.factor(Data$Species)),
 pch = 16,
 xlab = "Temperature",
 ylab = "Pulse")

legend('bottomright',
 legend = levels(as.factor(Data$Species)),
 col = 1:3,
 cex = 1,
 pch = 16)

## Analysis of covariance

options(contrasts = c("contr.treatment", "contr.poly"))### These are the default contrasts in R

model.1 = lm (Pulse ~ Temp + Species + Temp:Species,
 data = Data)

library(car)
Anova(model.1, type="II")

### Interaction is not significant, so the slope among groups is not different.

model.2 = lm (Pulse ~ Temp + Species,
 data = Data)

library(car)
Anova(model.2, type="II")

##  

Sum Sq 
Df 
F value 
Pr(>F)
## Temp 
7026.0 
1 
2462.2 
< 2.2e-16 ***
## Species 
7835.7 
2 
1373.0 
< 2.2e-16 ***
## Residuals 
125.6 
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### The category variable (Species) is significant,so the intercepts among groups are different

summary(model.2)

## Coefficients:
##  
Estimate 
Std. Error 
t value 

Pr(>|t|)
## (Intercept) 
-6.35729 
1.90713 
-3.333 
0.00175 **
## Temp 
3.56961 
0.07194 
49.621 
< 2e-16 ***
## Speciesfake 
19.81429 
0.66333 
29.871 
< 2e-16 ***
## Speciesniv 
-10.18571 
0.66333 
-15.355 
< 2e-16 ***
### The slope estimate is the Temp coefficient.

### The intercept for species 1 (ex) is (intercept).

### The intercept for species 2 (fake) is (intercept) + Speciesfake.

### The intercept for species 3 (niv) is (intercept) + Speciesniv.

### This is determined from the contrast coding of the Species variable shown below.

contrasts(as.factor(Data$Species))
##
 
fake 
niv

## ex 
0 
0

## fake 
1 
0

## niv 
0 
1

## Simple plot with fitted lines

I.nought = -6.35729
I1 = I.nought + 0
I2 = I.nought + 19.81429
I3 = I.nought + -10.18571
B = 3.56961

dev.new()

plot(x = Data$Temp,
 y = Data$Pulse,
 col = as.numeric(as.factor(Data$Species)),
 pch = 16,
 xlab = "Temperature",
 ylab = "Pulse")
legend('bottomright',
 legend = levels(as.factor(Data$Species)),
 col = 1:3,
 cex = 1,
 pch = 16)
abline(I1, B,
 lty=1, lwd=2, col = 1)
abline(I2, B,
 lty=1, lwd=2, col = 2)
abline(I3, B,
 lty=1, lwd=2, col = 3)

## p-value and R-squared of combined model

summary(model.2)

## Multiple R-squared: 0.9919, Adjusted R-squared: 0.9913

## F-statistic: 1791 on 3 and 44 DF, p-value: < 2.2e-16

## Checking assumptions of the model
dev.new()

hist(residuals(model.2),
 col="darkgray")

## A histogram of residuals from a linear model. The distribution of these residuals should be approximately normal.

dev.new()

plot(fitted(model.2),
 residuals(model.2)
 )

## A plot of residuals vs. predicted values. The residuals should be unbiased and homoscedastic. 
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