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[bookmark: _GoBack]R syntax and output for Chapter 3: Regression with Categorical Predictors
Much of the material in this document builds on the R syntax and output for Chapters 1 and 2. If necessary, refer back to those documents for reminders.

Begin by importing the ‘reading.txt’ data into R:
#setwd()
ch3data <- read.table("reading.txt", header=T)

Descriptive statistics for reading score outcome by group (Table 3.1)
The 'posttest1' variable is the reading score outcome variable used in Chapter 3.
library(psych)
describeBy(ch3data$posttest1, group=ch3data$group)
## $Control
##    vars  n mean   sd median trimmed  mad min max range skew kurtosis   se
## X1    1 22 6.68 2.77    6.5    6.56 2.97   2  12    10 0.32    -0.92 0.59
## 
## $DRTA
##    vars  n mean   sd median trimmed  mad min max range  skew kurtosis   se
## X1    1 22 9.77 2.72     10    9.83 2.97   5  14     9 -0.11    -1.19 0.58
## 
## $TA
##    vars  n mean   sd median trimmed  mad min max range skew kurtosis   se
## X1    1 22 7.77 3.93      7    7.67 4.45   1  15    14 0.23     -1.2 0.84
## 
## attr(,"call")
## by.default(data = x, INDICES = group, FUN = describe, type = type)
Side-by-side boxplots of reading score by group (Figure 3.1):
boxplot(posttest1~group, ylab="Reading test score", xlab="Intervention group", data=ch3data)
[image: ch3_files/figure-docx/unnamed-chunk-3-1.png]

Regression with dummy-coded variables
The following syntax creates dummy variables according to the coding scheme in Table 3.2:
d1 <- (ch3data$group=='DRTA')*1
d2 <- (ch3data$group=='TA')*1
Now regress the reading outcome variable on these dummy variables, 'd1' and 'd2', using the basic linear model function 'lm':
ch3mod1 <- lm(posttest1~d1+d2, data=ch3data)
Obtain the model summary and parameter confidence intervals:
summary(ch3mod1)
## 
## Call:
## lm(formula = posttest1 ~ d1 + d2, data = ch3data)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -6.7727 -2.6818  0.2273  2.2955  7.2273 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   6.6818     0.6798   9.829 2.44e-14 ***
## d1            3.0909     0.9614   3.215  0.00206 ** 
## d2            1.0909     0.9614   1.135  0.26078    
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 3.189 on 63 degrees of freedom
## Multiple R-squared:  0.1444, Adjusted R-squared:  0.1173 
## F-statistic: 5.317 on 2 and 63 DF,  p-value: 0.007347
confint(ch3mod1)
##                  2.5 %   97.5 %
## (Intercept)  5.3233563 8.040280
## d1           1.1697539 5.012064
## d2          -0.8302461 3.012064
The results above match those given in Chapter 3. In particular, note the R2 values and the F-test rejecting the omnibus null hypothesis. Next, the parameter estimates, their signifiance tests, and confidence intervals match the dummy variable results in Table 3.6.
Short-cut!
Because the 'group' variable is defined as a 'factor' variable in the 'ch3data' dataset, the 'lm' function knows to treat it as a categorical variable, using dummy variables by default.
By default, the reference category is chosen by alphabetical order. Here, that's 'Control', so that matches Chapter 3 anyway.
Thus, we can just regress 'posttest1' on 'group' directly:
ch3mod1b <- lm(posttest1~group, data=ch3data)
Then the same results are obtained:
summary(ch3mod1b)
## 
## Call:
## lm(formula = posttest1 ~ group, data = ch3data)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -6.7727 -2.6818  0.2273  2.2955  7.2273 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   6.6818     0.6798   9.829 2.44e-14 ***
## groupDRTA     3.0909     0.9614   3.215  0.00206 ** 
## groupTA       1.0909     0.9614   1.135  0.26078    
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 3.189 on 63 degrees of freedom
## Multiple R-squared:  0.1444, Adjusted R-squared:  0.1173 
## F-statistic: 5.317 on 2 and 63 DF,  p-value: 0.007347
Note that this short cut works only because 'group' is defined as a 'factor' variable.
If 'group' were numerically coded as 1, 2, and 3 (with, e.g., 1 = control, 2 = DRTA, 3 = TA), then this code would not obtain correct results:
#ch3mod1b <- lm(posttest1~group, data=ch3data)
Instead, it would be necessary to explicitly declare the numerically coded 'group' variable as a 'factor', as with this code:
#ch3mod1b <- lm(posttest1~factor(group), data=ch3data)

Regression with contrast-coded variables
Here is one way to set-up the contrast-coded variables according to Table 3.4:
cc <- (ch3data$group=="Control")*1
ct1 <- (ch3data$group=='DRTA')*-.5
ct2 <- (ch3data$group=='TA')*-.5
c1 <- cc+ct1+ct2

ct3 <- (ch3data$group=='DRTA')*.5
ct4 <- (ch3data$group=='TA')*-.5
c2 <- ct3+ct4
Now, we can regress reading scores on these new variables:
ch3mod2 <- lm(posttest1~c1+c2, data=ch3data)
summary(ch3mod2)
## 
## Call:
## lm(formula = posttest1 ~ c1 + c2, data = ch3data)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -6.7727 -2.6818  0.2273  2.2955  7.2273 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   8.0758     0.3925  20.576   <2e-16 ***
## c1           -1.3939     0.5551  -2.511   0.0146 *  
## c2            2.0000     0.9614   2.080   0.0416 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 3.189 on 63 degrees of freedom
## Multiple R-squared:  0.1444, Adjusted R-squared:  0.1173 
## F-statistic: 5.317 on 2 and 63 DF,  p-value: 0.007347
The output above gives the same R2 and corresponding F-test as the dummy-variable model and the parameter estimate results match those for the first contrast-variable model presented in Table 3.6.

Improved contrasts
Table 3.5 presents an alternative set of contrast codes, which can be set-up as below:
cc <- (ch3data$group=="Control")*(2/3)
ct1 <- (ch3data$group=='DRTA')*-(1/3)
ct2 <- (ch3data$group=='TA')*-(1/3)
c1 <- cc+ct1+ct2

ct3 <- (ch3data$group=='DRTA')*.5
ct4 <- (ch3data$group=='TA')*-.5
c2 <- ct3+ct4
Now re-estimate the model with these improved contrasts:
ch3mod3 <- lm(posttest1~c1+c2, data=ch3data)
summary(ch3mod3)
## 
## Call:
## lm(formula = posttest1 ~ c1 + c2, data = ch3data)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -6.7727 -2.6818  0.2273  2.2955  7.2273 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   8.0758     0.3925  20.576   <2e-16 ***
## c1           -2.0909     0.8326  -2.511   0.0146 *  
## c2            2.0000     0.9614   2.080   0.0416 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 3.189 on 63 degrees of freedom
## Multiple R-squared:  0.1444, Adjusted R-squared:  0.1173 
## F-statistic: 5.317 on 2 and 63 DF,  p-value: 0.007347
The output above gives the same R2 and corresponding F-test as before and the parameter estimate results match those presented in Table 3.6 for the second contrast-variable model.
Short cut!
The contrast matrix from Table 3.4 can be set-up like so:
helmert1 <- matrix(c(1,-.5,-.5,0,1,-1),ncol=2)
And then to see what it looks like, just ask for it to be printed:
helmert1
##      [,1] [,2]
## [1,]  1.0    0
## [2,] -0.5    1
## [3,] -0.5   -1
Notice that the matrix above matches Table 3.4.
Next, these contrasts can be used in the regression model like so:
contrasts(ch3data$group) <- helmert1
ch3mod2b <- lm(posttest1 ~ group, data=ch3data)
summary(ch3mod2b)
## 
## Call:
## lm(formula = posttest1 ~ group, data = ch3data)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -6.7727 -2.6818  0.2273  2.2955  7.2273 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   8.0758     0.3925  20.576   <2e-16 ***
## group1       -1.3939     0.5551  -2.511   0.0146 *  
## group2        1.0000     0.4807   2.080   0.0416 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 3.189 on 63 degrees of freedom
## Multiple R-squared:  0.1444, Adjusted R-squared:  0.1173 
## F-statistic: 5.317 on 2 and 63 DF,  p-value: 0.007347
The output above matches that obtained earlier for 'ch3mod2'.
Similarly, the improved constrasts can be implemented as follows:
helmert2 <- matrix(c(2/3,-1/3,-1/3,0,.5,-.5),ncol=2)
contrasts(ch3data$group) <- helmert2
ch3mod3b <- lm(posttest1 ~ group, data=ch3data)
summary(ch3mod3b)
## 
## Call:
## lm(formula = posttest1 ~ group, data = ch3data)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -6.7727 -2.6818  0.2273  2.2955  7.2273 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   8.0758     0.3925  20.576   <2e-16 ***
## group1       -2.0909     0.8326  -2.511   0.0146 *  
## group2        2.0000     0.9614   2.080   0.0416 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 3.189 on 63 degrees of freedom
## Multiple R-squared:  0.1444, Adjusted R-squared:  0.1173 
## F-statistic: 5.317 on 2 and 63 DF,  p-value: 0.007347
The output above matches that obtained earlier for 'ch3mod3'.

The ANCOVA model and beyond
To follow analyses in Chapter 3, first regress the posttest reading scores on pretest reading scores (called 'pretest1' in this dataset):
ch3mod4 <- lm(posttest1 ~ pretest1, data=ch3data)
summary(ch3mod4)
## 
## Call:
## lm(formula = posttest1 ~ pretest1, data = ch3data)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -5.4823 -2.3032  0.5147  2.1304  6.0610 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   1.8524     1.1853   1.563    0.123    
## pretest1      0.6358     0.1158   5.491 7.36e-07 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 2.82 on 64 degrees of freedom
## Multiple R-squared:  0.3202, Adjusted R-squared:  0.3096 
## F-statistic: 30.15 on 1 and 64 DF,  p-value: 7.356e-07
R2 matches that given in Chapter 3.
Next, specify and estimate a model regressing posttest reading scores on both the pretest scores and the contrast-code variables.
This is the ANCOVA model (because the contrast matrix 'helmert2' was already assigned to 'group' in the code above, this model is based on those most recent contrasts, consistent with the analysis in Chapter 3):
ch3mod5 <- lm(posttest1 ~ pretest1+group, data=ch3data)
Test whether R2 changes significantly when the contrasts are added to the model:
anova(ch3mod4,ch3mod5)
## Analysis of Variance Table
## 
## Model 1: posttest1 ~ pretest1
## Model 2: posttest1 ~ pretest1 + group
##   Res.Df    RSS Df Sum of Sq      F    Pr(>F)    
## 1     64 508.88                                  
## 2     62 365.43  2    143.45 12.169 3.483e-05 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
And obtain the model summary:
summary(ch3mod5)
## 
## Call:
## lm(formula = posttest1 ~ pretest1 + group, data = ch3data)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -4.9618 -1.7017  0.0382  1.8645  5.4375 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   1.2909     1.0372   1.245   0.2179    
## pretest1      0.6932     0.1015   6.831 4.21e-09 ***
## group1       -2.8314     0.6431  -4.402 4.30e-05 ***
## group2        1.5904     0.7345   2.165   0.0342 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 2.428 on 62 degrees of freedom
## Multiple R-squared:  0.5119, Adjusted R-squared:  0.4882 
## F-statistic: 21.67 on 3 and 62 DF,  p-value: 1.021e-09
The results above match those reported for the ANCOVA model in Chapter 3.
Next, the 'lsmeans' package can be used to obtain the adjusted means from the ANCOVA model.
library(lsmeans)
Once the package is loaded, the command is simple:
lsmeans(ch3mod5, "group")
##  group     lsmean        SE df lower.CL  upper.CL
##  Control 6.188185 0.5226207 62 5.143481  7.232889
##  DRTA    9.814739 0.5176378 62 8.779995 10.849482
##  TA      8.224349 0.5218060 62 7.181274  9.267425
## 
## Confidence level used: 0.95
The 'lsmean' values in the output match the adjusted means reported in Chapter 3.
Also notice that the output above reports 95% confidence intervals for these adjusted means.

Regression diagnostics with categorical predictors
Enhanced plot of Studentized residuals against predicted values of ANCOVA model; consistent with Figure 3.2, the LOWESS span is set to 1.0:
library(car)
scatterplot(rstudent(ch3mod5)~fitted(ch3mod5), span=1.0, ylab='Studentized residuals', xlab='Predicted values', boxplot=F, col="black")
[image: ch3_files/figure-docx/unnamed-chunk-25-1.png]
Plot of Studentized residuals against Pretest scores (Figure 3.3), boxplot of Studentized residuals by intervention group (Figure 3.4), and univariate histogram of Studentized residuals (Figure 3.5):
scatterplot(rstudent(ch3mod5)~ch3data$pretest1, span=1.0, ylab='Studentized residuals', xlab='Pretest', boxplot=F, col="black")
[image: ch3_files/figure-docx/unnamed-chunk-26-1.png]
boxplot(rstudent(ch3mod5)~ch3data$group, ylab='Studentized residuals')
[image: ch3_files/figure-docx/unnamed-chunk-26-2.png]
multi.hist(rstudent(ch3mod5), main='')
[image: ch3_files/figure-docx/unnamed-chunk-26-3.png]
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