Ch6_2e_ChapterExamples
Preparation
require(knitr)
require(haven)
library(AER)
library(xlsx)  #install.packages("xlsx")

opts_chunk$set(echo = TRUE)
options(digits = 3)
opts_knit$set(root.dir = 
"C:/Users/baileyma/Dropbox/Bailey_RealStats_RealEconometrics_2e_Supplements_March2021/ChapterExamples_R")

# Remove objects from the previous session
rm(list = ls(all = TRUE))   
CHAPTER 6
Soccer goal differential dummy variable only
dta = read.xlsx("Ch6_ChapterExample_Soccer.xlsx", 1)    

# Manchester City
ManC        = (dta$Home2 == "ManchesterCity") + (dta$Away2 == "ManchesterCity") 
ManCHome    = (dta$Home2 == "ManchesterCity")
ManCgameGD  = ManCHome*(dta$HomeGoals -dta$AwayGoals) + (ManC-ManCHome)*(dta$AwayGoals- dta$HomeGoals)

ManCOLSBiv = lm(ManCgameGD[ManC==1] ~ ManCHome[ManC==1])
summary(ManCOLSBiv )
## 
## Call:
## lm(formula = ManCgameGD[ManC == 1] ~ ManCHome[ManC == 1])
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -2.368 -0.368 -0.316  0.684  3.632 
## 
## Coefficients:
##                         Estimate Std. Error t value Pr(>|t|)  
## (Intercept)                0.316      0.334    0.94    0.351  
## ManCHome[ManC == 1]TRUE    1.053      0.473    2.23    0.032 *
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 1.46 on 36 degrees of freedom
## Multiple R-squared:  0.121,  Adjusted R-squared:  0.0965 
## F-statistic: 4.95 on 1 and 36 DF,  p-value: 0.0324
# Manchester United
ManU        = (dta$Home2 == "ManchesterUnited") + (dta$Away2 == "ManchesterUnited") 
ManUHome    = (dta$Home2 == "ManchesterUnited")
ManUgameGD  = ManUHome*(dta$HomeGoals - dta$AwayGoals) + (ManU-ManUHome)*(dta$AwayGoals- dta$HomeGoals)

ManUOLSBiv = lm(ManUgameGD[ManU==1] ~ ManUHome[ManU==1])
summary(ManUOLSBiv )
## 
## Call:
## lm(formula = ManUgameGD[ManU == 1] ~ ManUHome[ManU == 1])
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -2.368 -0.763  0.105  0.632  3.105 
## 
## Coefficients:
##                         Estimate Std. Error t value Pr(>|t|)   
## (Intercept)                0.895      0.306    2.92    0.006 **
## ManUHome[ManU == 1]TRUE    0.474      0.433    1.09    0.282   
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 1.34 on 36 degrees of freedom
## Multiple R-squared:  0.0321, Adjusted R-squared:  0.00524 
## F-statistic:  1.2 on 1 and 36 DF,  p-value: 0.282
Soccer goal differential multivariate
# Manchester City
GD_ManCOpp  = ManCHome* (dta$GD_away - ManCgameGD) + (ManC-ManCHome)*(dta$GD_home -ManCgameGD)
ManCOLS = lm(ManCgameGD[ManC==1] ~ GD_ManCOpp[ManC==1]  + ManCHome[ManC==1])
summary(ManCOLS )
## 
## Call:
## lm(formula = ManCgameGD[ManC == 1] ~ GD_ManCOpp[ManC == 1] + 
##     ManCHome[ManC == 1])
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -2.690 -0.839 -0.227  0.861  3.037 
## 
## Coefficients:
##                         Estimate Std. Error t value Pr(>|t|)  
## (Intercept)              0.26610    0.30943    0.86    0.396  
## GD_ManCOpp[ManC == 1]   -0.02484    0.00925   -2.69    0.011 *
## ManCHome[ManC == 1]TRUE  1.02648    0.43692    2.35    0.025 *
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 1.35 on 35 degrees of freedom
## Multiple R-squared:  0.271,  Adjusted R-squared:  0.23 
## F-statistic: 6.51 on 2 and 35 DF,  p-value: 0.00394
# Manchester United (not in text)
GD_ManUOpp  = ManUHome* (dta$GD_away - ManUgameGD) + (ManU-ManUHome)*(dta$GD_home -ManUgameGD)
ManUOLS = lm(ManUgameGD[ManU==1] ~ GD_ManUOpp[ManU==1]  + ManUHome[ManU==1])
summary(ManUOLS )
## 
## Call:
## lm(formula = ManUgameGD[ManU == 1] ~ GD_ManUOpp[ManU == 1] + 
##     ManUHome[ManU == 1])
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -2.315 -0.893 -0.168  0.843  2.227 
## 
## Coefficients:
##                         Estimate Std. Error t value Pr(>|t|)    
## (Intercept)              0.79141    0.25583    3.09  0.00387 ** 
## GD_ManUOpp[ManU == 1]   -0.03272    0.00791   -4.14  0.00021 ***
## ManUHome[ManU == 1]TRUE  0.45818    0.36009    1.27  0.21161    
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 1.11 on 35 degrees of freedom
## Multiple R-squared:  0.35,   Adjusted R-squared:  0.313 
## F-statistic: 9.43 on 2 and 35 DF,  p-value: 0.000529
par(mfrow=c(1, 1), mar=c(2.5, 3.0,  1.5,  1.5), oma=c(0.4, 2, 1.,  0.3))        # mar(south, west, north, east)
    plot (GD_ManCOpp[ManC==1], ManCgameGD[ManC==1], main="", col= "black", xlim=c(-32, 44), cex.axis =0.8, type="n", xlab = "", ylab = "", xaxt='n', yaxt='n')  # 
    mtext("Opponent quality",           side = 1, line = 1.7, cex = 0.9)
    mtext("Goal\ndifferential",     las = 1, side = 3, at = -42.0, line = -0.5, cex = 0.9)  
    axis(1, at = seq(-32, 44, by=8), labels =  seq(-32, 44,by=8), tick = T, 
        cex.axis = .8, mgp = c(2,.4,0))
    axis(2, las = 1, tick = T, cex.axis = .8, mgp = c(2,.7,0))
    points(GD_ManCOpp[ManC==1 & ManCHome==0], ManCgameGD[ManC==1 & ManCHome==0], pch=15, col="#FF7F24", cex=0.75)
    points(GD_ManCOpp[ManC==1 & ManCHome==1], ManCgameGD[ManC==1 & ManCHome==1], pch=16, col="#3c78c3", cex=0.75)
    abline(coefficients(ManCOLS)[1:2], lwd=1, col="#FF7F24")
    abline(coefficients(ManCOLS)[1] + coefficients(ManCOLS)[3], coefficients(ManCOLS)[2], lwd=2, col="#3c78c3")

    text(36, -0.38, expression(paste(hat(beta)[2], " (the slope)")), srt = -14.5, cex=0.8, col="#FF7F24")
    text(38,  0.63, expression(paste(hat(beta)[2], " (the slope)")), srt = -14.5, cex=0.8, col="#3c78c3")
    lines(c(0, 0), c(-3, 0.266+1.024), col = "grey", lwd= 2, lty = 3)

    lines(c(-35.1, 0), c(0.266, 0.266), col = "#FF7F24", lwd= 2, lty = 3)
    axis(2, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = 0.27, labels = "", col = "#FF7F24")
    mtext(expression(paste(hat(beta)[0])), side= 2, cex=0.8, at = 0.31, las = 1, line = 0.5, col = "#FF7F24")

        lines(c(-35.1, 0), c(0.266+1.024, 0.266+1.024), col = "#3c78c3", lwd= 2, lty = 3)
    axis(2, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = (0.266+1.024), labels = "", col = "#3c78c3")
    mtext(expression(paste(hat(beta)[0]+ hat(beta)[1])),    side= 2, cex=0.8, at = (0.266+1.024)+.05,   las = 1, line = 0.5, col = "#3c78c3")
    points(7.5, 4.6, lwd=2, col="#3c78c3", pch=16)
        text(15.5, 4.62, "Home = 1", cex=0.8, col="#3c78c3")
    lines(c(5, 10), c(4.3, 4.3), lwd=2, col="#3c78c3")
        text(23.0, 4.3, "Fitted line for home games", cex=0.8, col="#3c78c3")
    points(7.5, 4.0, lwd=2, col="#FF7F24", pch=15)
        text(15.5, 4.02, "Home = 0", cex=0.8, col="#FF7F24")
    lines(c(5, 10), c(3.7, 3.7), lwd=1, col="#FF7F24")
        text(23.0, 3.7, "Fitted line for away games", cex=0.8, col="#FF7F24")
[image: Ch6_2e_ChapterExamples_files/figure-docx/unnamed-chunk-3-1.png]
Feeling thermometer toward the president
load("Ch6_ChapterExample_Trump.RData")
#dta    = load("Ch6_ChapterExample_Trump.RData")
dim(dta)
## [1] 2065   15
TrumpFTRep  =   lm(TrumpFT ~ Rep, data = dta,       na.action=na.omit)
summary(TrumpFTRep )
## 
## Call:
## lm(formula = TrumpFT ~ Rep, data = dta, na.action = na.omit)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -51.02 -14.95  -9.95  13.98  85.05 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)    14.95       0.69    21.7   <2e-16 ***
## RepTRUE        36.06       1.33    27.2   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 25.8 on 1912 degrees of freedom
##   (151 observations deleted due to missingness)
## Multiple R-squared:  0.279,  Adjusted R-squared:  0.278 
## F-statistic:  739 on 1 and 1912 DF,  p-value: <2e-16
dta$NotRep = 1-as.numeric(dta$Rep)
TrumpFTNotRep   =   lm(TrumpFT ~ NotRep, data = dta,        na.action=na.omit)
summary(TrumpFTNotRep  )
## 
## Call:
## lm(formula = TrumpFT ~ NotRep, data = dta, na.action = na.omit)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -51.02 -14.95  -9.95  13.98  85.05 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)    51.02       1.13    45.0   <2e-16 ***
## NotRep        -36.06       1.33   -27.2   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 25.8 on 1912 degrees of freedom
##   (151 observations deleted due to missingness)
## Multiple R-squared:  0.279,  Adjusted R-squared:  0.278 
## F-statistic:  739 on 1 and 1912 DF,  p-value: <2e-16
# Homoscedastic
#t.test(dta$TrumpFT [dta$Rep==1], dta$TrumpFT[dta$Rep==0], var.equal = TRUE)

# Heteroscedastic
#t.test(dta$TrumpFT [dta$Rep==1], dta$TrumpFT[dta$Rep==0], var.equal = FALSE)
JitterRep       = rnorm(length(dta$Rep))/28
JitterTrumpFT   = rnorm(length(dta$TrumpFT))/1
par(mfrow=c(1, 1), mar=c(3, 3.8,  1.5,  1.5), oma=c(0.4, 2, 1.,  0.3))  # mar(south, west, north, east)
plot(c(-0.4, 1.2, dta$Rep), c(50, 50, dta$TrumpFT), type="n", lty=2, xlab="", ylab="", xaxt='n', yaxt='n', cex.axis=0.9)
    points(as.numeric(dta$Rep[dta$Rep==0]) + JitterRep [dta$Rep==0], dta$TrumpFT [dta$Rep==0]+ JitterTrumpFT[dta$Rep==0], col="#3c78c3", cex=0.5)
    points(as.numeric(dta$Rep[dta$Rep==1]) + JitterRep [dta$Rep==1], dta$TrumpFT [dta$Rep==1]+ JitterTrumpFT[dta$Rep==1], col="#3c78c3", cex=0.5)
    mtext("Feeling\nthermometer\ntoward\nTrump",    las = 1, side = 3, at = -0.68, line = -1.75, cex = 0.8) 
    axis(2, las = 1, tick = T, cex.axis = 0.7, mgp = c(2,.7,0))
    axis(1, at=c(0, 1), labels = c("",""), cex.axis=0.7)
    mtext("0",              at = 0.0,       side = 1, line = 0.25, cex = 0.75)
    mtext("1",              at = 1.0001,    side = 1, line = 0.25, cex = 0.75)
    mtext("Non-Republicans",    at = 0.0,   side = 1, line = 1., cex = 0.8)
    mtext("Republicans",    at = 1.0,   side = 1, line = 1., cex = 0.8)
    mtext("Partisan identification",    at =0.5,    side = 1, line = 1.9, cex = 0.9)

    text(-0.26, TrumpFTRep$coefficients[1]+0.06, "Average for\nnon-Republicans", cex= 0.7, col="#3c78c3")
    lines(c(-0.45, 0.01), c(TrumpFTRep$coefficients[1], TrumpFTRep$coefficients[1]) ,   col="#3c78c3", lwd = 1, lty=2)
    mtext(expression(paste(hat(beta)[0]+hat(beta)[1])), side= 2, cex=0.8, at = TrumpFTRep$coefficients[1]+TrumpFTRep$coefficients[2]+1.2, las = 1, line = 0.6, col = "#3c78c3")
    axis(2, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = TrumpFTRep$coefficients[1]+TrumpFTRep$coefficients[2], labels = "", col = "#3c78c3")

    # Label slope
    lines(c(-0.45, 0.97), c(TrumpFTRep$coefficients[1]+ TrumpFTRep$coefficients[2], TrumpFTRep$coefficients[1]+ TrumpFTRep$coefficients[2]) ,   col="#3c78c3", lwd = 1, lty=2)
    text(0.72,  TrumpFTRep$coefficients[1]+TrumpFTRep$coefficients[2]+ 0.06, "Average for\nRepublicans", cex= 0.7, col="#3c78c3")
    lines(c(0.02, 0.97), c(TrumpFTRep$coefficients[1], TrumpFTRep$coefficients[1]+ TrumpFTRep$coefficients[2]) ,    col="#3c78c3", lwd = 2)
    mtext(expression(paste(hat(beta)[0])), side= 2, cex=0.8, at = TrumpFTRep$coefficients[1]+1.2, las = 1, line = 0.6, col = "#3c78c3")
    axis(2, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = TrumpFTRep$coefficients[1], labels = "", col = "#3c78c3")
    text(0.45, 35, expression(paste(hat(beta)[1], " (the slope)")), srt = 25, cex=0.8, col="#3c78c3")
[image: Ch6_2e_ChapterExamples_files/figure-docx/unnamed-chunk-6-1.png]
Feeling thermometer and gender (not in text)
TrumpFTFemale   =   lm(TrumpFT ~ Female, data = dta,        na.action=na.omit)
summary(TrumpFTFemale )
## 
## Call:
## lm(formula = TrumpFT ~ Female, data = dta, na.action = na.omit)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
##  -28.2  -20.7  -15.7   19.3   79.3 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   28.224      0.919   30.70  < 2e-16 ***
## Female        -7.533      1.355   -5.56  3.1e-08 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 30.2 on 1993 degrees of freedom
##   (70 observations deleted due to missingness)
## Multiple R-squared:  0.0153, Adjusted R-squared:  0.0148 
## F-statistic: 30.9 on 1 and 1993 DF,  p-value: 3.08e-08
Case study: sex differences in heights
library(foreign)
dta         = data.frame(read.dta("Ch6_ChapterExample_HeightAndWages.dta"))
HeightMaleOLS   = lm(height85 ~ male, data =dta)
summary(HeightMaleOLS)
## 
## Call:
## lm(formula = height85 ~ male, data = dta)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -18.016  -2.016  -0.016   1.984  10.984 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)  64.2284     0.0393    1634   <2e-16 ***
## male          5.7877     0.0560     103   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 2.92 on 10861 degrees of freedom
##   (1823 observations deleted due to missingness)
## Multiple R-squared:  0.496,  Adjusted R-squared:  0.496 
## F-statistic: 1.07e+04 on 1 and 10861 DF,  p-value: <2e-16
dta$female = 1 - dta$male

HeightFemaleOLS     = lm(height85 ~ female, data = dta)
summary(HeightFemaleOLS )
## 
## Call:
## lm(formula = height85 ~ female, data = dta)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -18.016  -2.016  -0.016   1.984  10.984 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)  70.0161     0.0399    1756   <2e-16 ***
## female       -5.7877     0.0560    -103   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 2.92 on 10861 degrees of freedom
##   (1823 observations deleted due to missingness)
## Multiple R-squared:  0.496,  Adjusted R-squared:  0.496 
## F-statistic: 1.07e+04 on 1 and 10861 DF,  p-value: <2e-16
JitterMale      = rnorm(length(dta$male))/28
JitterHeight    = rnorm(length(dta$height85))/5

# HeightMaleOLSNoLines.eps and HeightMaleOLS.eps
par(mfrow=c(1, 1), mar=c(2.5, 3.0,  1.5,  1.5), oma=c(0.4, 2, 1.,  0.3))        # mar(south, west, north, east)
plot(c(-0.45, 1.3, dta$male), c(50, 50, dta$height85), type="n", lty=2, xlab="", ylab="", xaxt='n',cex.axis=0.9, ylim=c(50, 81), yaxt='n')
    points(dta$male[dta$male==0] + JitterMale[dta$male==0], dta$height85[dta$male==0]+ JitterHeight[dta$male==0], col="#FF7F24", cex=0.5)
    points(dta$male[dta$male==1] + JitterMale[dta$male==1], dta$height85[dta$male==1]+ JitterHeight[dta$male==1], col="#3c78c3", cex=0.5)

    # Label slope
    mtext("Height\n(in inches)",    las = 1, side = 3, at = -0.68, line = -1.4, cex = 0.9)  
    axis(2, las = 1, tick = T, cex.axis = 0.7, mgp = c(2,.7,0))
    axis(1, at=c(0, 1), labels = c("",""), cex.axis=0.7)
    mtext("0",              at = 0.0,       side = 1, line = 0.25, cex = 0.75)
    mtext("1",              at = 1.0001,    side = 1, line = 0.25, cex = 0.75)
    mtext("Women",  at = 0.0,   side = 1, line = 1., cex = 0.8)
    mtext("Men",    at = 1.0,   side = 1, line = 1., cex = 0.8)
    mtext("Gender",     at =0.5,    side = 1, line = 1.7, cex = 1.0)

    ## Add these for next figure
    lines(c(-0.55, 0.01), c(HeightMaleOLS$coefficients[1], HeightMaleOLS$coefficients[1]) ,     col="#FF7F24", lwd = 1, lty=2)
    text(-0.33, HeightMaleOLS$coefficients[1]+0.06, "Average height\nfor women", cex= 0.7, col="#FF7F24")
    lines(c(-0.55, 0.97), c(HeightMaleOLS$coefficients[1]+ HeightMaleOLS$coefficients[2], HeightMaleOLS$coefficients[1]+ HeightMaleOLS$coefficients[2]) ,   col="grey", lwd = 1, lty=2)
    text(0.7, HeightMaleOLS$coefficients[1]+HeightMaleOLS$coefficients[2]+0.1, "Average height\nfor men", cex= 0.7, col="#3c78c3")
    axis(2, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = 64.2, labels = "", col = "#FF7F24")
    mtext(expression(paste(hat(beta)[0])), side= 2, cex=0.8, at = 64.2, las = 1, line = 1.05, col = "#FF7F24")
    axis(2, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = 70.02, labels = "", col = "#3c78c3")
    mtext(expression(paste(hat(beta)[0]+hat(beta)[1])), side= 2, cex=0.8, at = 70.02, las = 1, line = 1.3, col = "#3c78c3")

    text(0.37, 55, expression(hat(beta)[0]), cex= 0.7)

    lines(c(0.02, 0.97), c(HeightMaleOLS$coefficients[1], HeightMaleOLS$coefficients[1]+ HeightMaleOLS$coefficients[2]) ,   col="grey", lwd = 2)
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Women’s wages by region
load("Ch6_ChapterExample_HeightAndWages.RData")

HeightWageRegionWest = lm(dta$wage96 ~ dta$norest96     + dta$norcen96 + dta$south96)
summary(HeightWageRegionWest)
## 
## Call:
## lm(formula = dta$wage96 ~ dta$norest96 + dta$norcen96 + dta$south96)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -14.52  -5.25  -1.92   2.76 102.15 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept)    12.502      0.399   31.34  < 2e-16 ***
## dta$norest96    2.016      0.589    3.42  0.00062 ***
## dta$norcen96   -1.589      0.534   -2.97  0.00296 ** 
## dta$south96    -2.133      0.478   -4.47  8.2e-06 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 9.73 on 3219 degrees of freedom
##   (3037 observations deleted due to missingness)
## Multiple R-squared:  0.0231, Adjusted R-squared:  0.0222 
## F-statistic: 25.4 on 3 and 3219 DF,  p-value: 3.2e-16
HeightWageRegionSouth = lm(dta$wage96 ~ dta$norest96    + dta$norcen96 +  + dta$west96)
summary(HeightWageRegionSouth)
## 
## Call:
## lm(formula = dta$wage96 ~ dta$norest96 + dta$norcen96 + +dta$west96)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -14.52  -5.25  -1.92   2.76 102.15 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept)    10.369      0.263   39.50  < 2e-16 ***
## dta$norest96    4.149      0.506    8.19  3.6e-16 ***
## dta$norcen96    0.544      0.442    1.23     0.22    
## dta$west96      2.133      0.478    4.47  8.2e-06 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 9.73 on 3219 degrees of freedom
##   (3037 observations deleted due to missingness)
## Multiple R-squared:  0.0231, Adjusted R-squared:  0.0222 
## F-statistic: 25.4 on 3 and 3219 DF,  p-value: 3.2e-16
HeightWageRegionMidwest = lm(dta$wage96 ~ dta$norest96  + dta$south96   + dta$west96)
summary(HeightWageRegionMidwest)
## 
## Call:
## lm(formula = dta$wage96 ~ dta$norest96 + dta$south96 + dta$west96)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -14.52  -5.25  -1.92   2.76 102.15 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept)    10.912      0.356   30.69  < 2e-16 ***
## dta$norest96    3.605      0.560    6.43  1.4e-10 ***
## dta$south96    -0.544      0.442   -1.23    0.219    
## dta$west96      1.589      0.534    2.97    0.003 ** 
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 9.73 on 3219 degrees of freedom
##   (3037 observations deleted due to missingness)
## Multiple R-squared:  0.0231, Adjusted R-squared:  0.0222 
## F-statistic: 25.4 on 3 and 3219 DF,  p-value: 3.2e-16
HeightWageRegionNortheast = lm(dta$wage96 ~                 + dta$norcen96 +  dta$south96   + dta$west96)
summary(HeightWageRegionNortheast)
## 
## Call:
## lm(formula = dta$wage96 ~ +dta$norcen96 + dta$south96 + dta$west96)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -14.52  -5.25  -1.92   2.76 102.15 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept)    14.518      0.433   33.53  < 2e-16 ***
## dta$norcen96   -3.605      0.560   -6.43  1.4e-10 ***
## dta$south96    -4.149      0.506   -8.19  3.6e-16 ***
## dta$west96     -2.016      0.589   -3.42  0.00062 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 9.73 on 3219 degrees of freedom
##   (3037 observations deleted due to missingness)
## Multiple R-squared:  0.0231, Adjusted R-squared:  0.0222 
## F-statistic: 25.4 on 3 and 3219 DF,  p-value: 3.2e-16
library(apsrtable)
apsrtable(HeightWageRegionWest,  HeightWageRegionSouth, HeightWageRegionMidwest, HeightWageRegionNortheast, model.names= c(""),
    coef.names=c("Constant", "Northeast", "Midwest", "South", "West"), digits=3) # Displays a table in Latex form
## \begin{table}[!ht]
## \caption{}
## \label{} 
## \begin{tabular}{ l D{.}{.}{3}D{.}{.}{3}D{.}{.}{3}D{.}{.}{3} } 
## \hline 
##   & \multicolumn{ 1 }{ c }{  } & \multicolumn{ 1 }{ c }{ Model 2 } & \multicolumn{ 1 }{ c }{ Model 3 } & \multicolumn{ 1 }{ c }{ Model 4 } \\ \hline
##  %          &           & Model 2   & Model 3   & Model 4  \\ 
## Constant   & 12.502 ^* & 10.369 ^* & 10.912 ^* & 14.518 ^*\\ 
##            & (0.399)   & (0.263)   & (0.356)   & (0.433)  \\ 
## Northeast  & 2.016 ^*  & 4.149 ^*  & 3.605 ^*  &          \\ 
##            & (0.589)   & (0.506)   & (0.560)   &          \\ 
## Midwest    & -1.589 ^* & 0.544     &           & -3.605 ^*\\ 
##            & (0.534)   & (0.442)   &           & (0.560)  \\ 
## South      & -2.133 ^* &           & -0.544    & -4.149 ^*\\ 
##            & (0.478)   &           & (0.442)   & (0.506)  \\ 
## West       &           & 2.133 ^*  & 1.589 ^*  & -2.016 ^*\\ 
##            &           & (0.478)   & (0.534)   & (0.589)   \\
##  $N$        & 3223      & 3223      & 3223      & 3223     \\ 
## $R^2$      & 0.023     & 0.023     & 0.023     & 0.023    \\ 
## adj. $R^2$ & 0.022     & 0.022     & 0.022     & 0.022    \\ 
## Resid. sd  & 9.731     & 9.731     & 9.731     & 9.731     \\ \hline
##  \multicolumn{5}{l}{\footnotesize{Standard errors in parentheses}}\\
## \multicolumn{5}{l}{\footnotesize{$^*$ indicates significance at $p< 0.05 $}} 
## \end{tabular} 
##  \end{table}
Case study: Wealth taxes
library(foreign)
dta = data.frame(read.dta("Ch6_ChapterExample_WealthTax.dta"))
dim(dta)
## [1] 588 109
TaxBivariate =lm(firsttopitaxrate2 ~ UnivSuffrage2,     data= dta       )
    summary(TaxBivariate )
## 
## Call:
## lm(formula = firsttopitaxrate2 ~ UnivSuffrage2, data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -24.08 -11.08  -4.75   5.92  72.25 
## 
## Coefficients:
##               Estimate Std. Error t value Pr(>|t|)    
## (Intercept)       4.75       1.45    3.27   0.0011 ** 
## UnivSuffrage2    19.33       1.81   10.66   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 20.6 on 561 degrees of freedom
##   (25 observations deleted due to missingness)
## Multiple R-squared:  0.168,  Adjusted R-squared:  0.167 
## F-statistic:  114 on 1 and 561 DF,  p-value: <2e-16
TaxMultivariate =lm(firsttopitaxrate2 ~ UnivSuffrage2 + year ,  data= dta       )
    summary(TaxMultivariate)
## 
## Call:
## lm(formula = firsttopitaxrate2 ~ UnivSuffrage2 + year, data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -38.62 -11.05  -3.22   6.92  63.90 
## 
## Coefficients:
##                Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   -516.4793    37.1835  -13.89   <2e-16 ***
## UnivSuffrage2   -0.3813     2.1002   -0.18     0.86    
## year             0.2783     0.0198   14.03   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 17.8 on 560 degrees of freedom
##   (25 observations deleted due to missingness)
## Multiple R-squared:  0.385,  Adjusted R-squared:  0.382 
## F-statistic:  175 on 2 and 560 DF,  p-value: <2e-16
TaxMultivariateWar =lm(firsttopitaxrate2 ~ UnivSuffrage2 + year + HiMob2 ,  data= dta       )
    summary(TaxMultivariateWar)
## 
## Call:
## lm(formula = firsttopitaxrate2 ~ UnivSuffrage2 + year + HiMob2, 
##     data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -38.62 -10.44  -2.67   6.83  65.08 
## 
## Coefficients:
##                Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   -565.6063    37.9883  -14.89  < 2e-16 ***
## UnivSuffrage2   -3.2402     2.1507   -1.51     0.13    
## year             0.3043     0.0203   15.02  < 2e-16 ***
## HiMob2          14.0533     3.0034    4.68  3.6e-06 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 17.4 on 559 degrees of freedom
##   (25 observations deleted due to missingness)
## Multiple R-squared:  0.408,  Adjusted R-squared:  0.405 
## F-statistic:  128 on 3 and 559 DF,  p-value: <2e-16
TaxMultivariateWarRegion1 =lm(firsttopitaxrate2 ~ UnivSuffrage2 + year + HiMob2 + Europe + Asia + AustNZ,   data= dta       )
    summary(TaxMultivariateWarRegion1)
## 
## Call:
## lm(formula = firsttopitaxrate2 ~ UnivSuffrage2 + year + HiMob2 + 
##     Europe + Asia + AustNZ, data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -41.88 -10.39  -2.18   7.65  56.28 
## 
## Coefficients:
##                Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   -513.7909    38.3293  -13.40  < 2e-16 ***
## UnivSuffrage2    0.6873     2.2189    0.31  0.75689    
## year             0.2780     0.0202   13.75  < 2e-16 ***
## HiMob2          11.7658     2.9362    4.01    7e-05 ***
## Europe          -5.6520     2.3823   -2.37  0.01801 *  
## Asia            10.8721     3.1837    3.41  0.00068 ***
## AustNZ          -7.8414     3.3289   -2.36  0.01884 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 16.8 on 556 degrees of freedom
##   (25 observations deleted due to missingness)
## Multiple R-squared:  0.452,  Adjusted R-squared:  0.447 
## F-statistic: 76.6 on 6 and 556 DF,  p-value: <2e-16
TaxMultivariateWarRegion2 =lm(firsttopitaxrate2 ~ UnivSuffrage2 + year + HiMob2 + Europe + Asia         + NorthAm ,     data= dta       )
    summary(TaxMultivariateWarRegion2)
## 
## Call:
## lm(formula = firsttopitaxrate2 ~ UnivSuffrage2 + year + HiMob2 + 
##     Europe + Asia + NorthAm, data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -41.88 -10.39  -2.18   7.65  56.28 
## 
## Coefficients:
##                Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   -521.6323    37.9169  -13.76  < 2e-16 ***
## UnivSuffrage2    0.6873     2.2189    0.31    0.757    
## year             0.2780     0.0202   13.75  < 2e-16 ***
## HiMob2          11.7658     2.9362    4.01  7.0e-05 ***
## Europe           2.1894     2.5737    0.85    0.395    
## Asia            18.7135     3.4520    5.42  8.8e-08 ***
## NorthAm          7.8414     3.3289    2.36    0.019 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 16.8 on 556 degrees of freedom
##   (25 observations deleted due to missingness)
## Multiple R-squared:  0.452,  Adjusted R-squared:  0.447 
## F-statistic: 76.6 on 6 and 556 DF,  p-value: <2e-16
## Confidence interval:bivariate, multivariate (a) (b) and (c)
par(    mfrow=c(1, 1), 
    mar=c(2.0, 5.0, 1., 0.5),   # mar(south, west, north, east)
    oma=c(2.0, 0.5, 1., 0.5))   
plot(c(-0.05, 0.15), c(1.1, 1.9), col="blue", lwd=2, type="n",ylab="", cex.lab= 0.85, xlab="",
            cex.axis= 0.65, yaxt='n', xlim = c(-8, 23),xaxt='n')
    abline(v =0.0, lty = 3, col = "grey") 
    mtext("Estimated coefficient",          side = 1, line = 1.8, cex = 0.75)
    axis(1, cex.axis=0.7, padj=-1.2)

  points(coef(TaxBivariate )[2], 1.80, pch = 19, cex = .75, col="#3c78c3")      # add the points to the plot
    lines(c(    confint(TaxBivariate ) [2, 1:2]), c(1.80, 1.80), col="#3c78c3")         # 95% confidence intervals
    mtext( paste("Bivariate\nmodel"), 2,    line= 0.4,  las=2, padj = -4.2, cex=0.8)

    points(coef(TaxMultivariate)[2], 1.6, pch = 19, cex = .75, col="#3c78c3")      # add the points to the plot
    lines(c(    confint(TaxMultivariate) [2, 1:2]), c(1.6, 1.6), col="#3c78c3")         # 95% confidence intervals
    mtext( paste("Multivariate\nmodel (a)"), 2,     line= 0.4,  las=2, padj = -1.4, cex=0.8)

    points(coef(TaxMultivariateWar )[2], 1.4, pch = 19, cex = .75, col="#3c78c3")      # add the points to the plot
    lines(c(    confint(TaxMultivariateWar ) [2, 1:2]), c(1.4, 1.4), col="#3c78c3")         # 95% confidence intervals
    mtext( paste("Multivariate\nmodel (b)"), 2,     line= 0.4,  las=2, padj = 2.2, cex=0.8)

    points(coef(TaxMultivariateWarRegion1 )[2], 1.2, pch = 19, cex = .75, col="#3c78c3")      # add the points to the plot
    lines(c(    confint(TaxMultivariateWarRegion1 ) [2, 1:2]), c(1.2, 1.2), col="#3c78c3")         # 95% confidence intervals
    mtext( paste("Multivariate\nmodel (c)"), 2,     line= 0.4,  las=2, padj = 5., cex=0.8)
[image: Ch6_2e_ChapterExamples_files/figure-docx/unnamed-chunk-12-1.png]
Interaction model for wages, gender and years of experience
par(mfrow=c(1, 1), mar=c(2.5, 2.5,  1.5,  1.5), oma=c(0.4, 2, 1.,  0.3))        # mar(south, west, north, east)
# Dummy plus interaction  \label{fig:DumXInteraction}
set.seed(35)
X   = 1 + runif(100)*10
Dum = runif(100)>0.5
Y   = 32 + 1.3*X + 4*Dum + 1.5*X*Dum + rnorm(100)*8
DumX    = Dum * X
InterXOLS = lm(Y~X + Dum + DumX)
summary(InterXOLS)
## 
## Call:
## lm(formula = Y ~ X + Dum + DumX)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -16.769  -6.858   0.472   6.260  18.875 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   33.364      3.056   10.92   <2e-16 ***
## X              1.443      0.432    3.34   0.0012 ** 
## DumTRUE        3.897      4.267    0.91   0.3634    
## DumX           1.488      0.605    2.46   0.0156 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 8 on 96 degrees of freedom
## Multiple R-squared:  0.571,  Adjusted R-squared:  0.557 
## F-statistic: 42.6 on 3 and 96 DF,  p-value: <2e-16
plot (X, Y, main="", col= "black",cex.axis =0.8, type="n", xlab = "", ylab = "", xaxt='n', yaxt='n',  xlim=c(0.35, 10.0), ylim=c(24, 74))   # 
    mtext("Years of experience",            side = 1, line = 1.7, cex = 1.0)
    mtext("Salary",         las = 1, side = 3, at = -0.8, line = -0.2, cex = 1.0)   
    mtext("(in $1,000s)",   las = 1, side = 3, at = -0.8, line = -1.0, cex = 0.8)   
    axis(2, las = 1, tick = T, cex.axis = .8, mgp = c(2,.7,0))
    axis(1, at = seq(0, 10,by=1), labels =  seq(0, 10,by=1), tick = T, cex.axis = .8, mgp = c(2,.4,0))
    points(X[Dum==0], Y[Dum==0], pch=5, col="#FF7F24", cex=0.75)  ## pch = 15 for filled square
    points(X[Dum==1], Y[Dum==1], pch=16, col="#3c78c3", cex=0.75)

    DumInteractionOLS = lm(Y~X + Dum + Dum*X)
    abline(coefficients(DumInteractionOLS )[1:2], lwd=1, col="#FF7F24")
    abline(coefficients(DumInteractionOLS )[1] + coefficients(DumInteractionOLS )[3], coefficients(DumInteractionOLS )[2]+coefficients(DumInteractionOLS )[4], lwd=2, col="#3c78c3")

    points(1.75/2, 75.0,  col="#3c78c3", pch = 16)
        text(3.0, 75.0, expression(paste("Men (",dummy[i], " = 1 group)")),     cex=0.8, col="#3c78c3")
    lines(c(0.25, 1.5), c(73, 73),  lwd=2, col="#3c78c3")
        text(3.8, 73.0, expression(paste("Fitted line for men (",dummy[i], " = 1 group)")),     cex=0.8, col="#3c78c3")
    points(1.75/2, 71.0,  col="#FF7F24", pch = 5)   ## pch = 15 for filled square
        text(3.2, 71.0, expression(paste("Women (",dummy[i], " = 0 group)")),   cex=0.8, col="#FF7F24")
    lines(c(0.25, 1.5), c(69.0, 69.0),  lwd=1, col="#FF7F24")
        text(3.95, 69.0, expression(paste("Fitted line for women (",dummy[i], " = 0 group)")),  cex=0.8, col="#FF7F24")

    axis(2, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = InterXOLS$coefficients[1]-0.1, labels = "", col = "#FF7F24")
    mtext(expression(paste(hat(beta)[0])),  side= 2, cex=0.8, at = InterXOLS$coefficients[1]+.05,   las = 1, line = 0.5, col = "#FF7F24")
    axis(2, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = InterXOLS$coefficients[1]+InterXOLS$coefficients[3]-0.1, labels = "", col = "#3c78c3")
    mtext(expression(paste(hat(beta)[0]+ hat(beta)[2])),    side= 2, cex=0.8, at = InterXOLS$coefficients[1]+InterXOLS$coefficients[3]+.0, las = 1, line = 0.5, col = "#3c78c3" )

    lines(c(-1, 0), c(InterXOLS$coefficients[1], InterXOLS$coefficients[1]), col = "#FF7F24", lwd= 2, lty = 3)
    text(1.6, 37, expression(paste(hat(beta)[1], " (slope for women)")), srt = 16, cex=0.9, col="#FF7F24")

    lines(c(-1, 0), c(InterXOLS$coefficients[1]+InterXOLS$coefficients[3], InterXOLS$coefficients[1]+InterXOLS$coefficients[3]), col = "#3c78c3", lwd= 2, lty = 3)
    text(1.4,  43.4, expression(paste(hat(beta)[1]+ hat(beta)[3], " (slope for men)")), srt = 31, cex=0.9, col="#3c78c3")
[image: Ch6_2e_ChapterExamples_files/figure-docx/unnamed-chunk-14-1.png]
Case study: Energy efficiency
library(foreign)
dta = data.frame(read.dta("Ch6_ChapterExample_Thermostat.dta"))
dim(dta)
## [1] 45  5
Th.Diff     = lm(dta$therms ~ dta$thermostat)
summary(Th.Diff)
## 
## Call:
## lm(formula = dta$therms ~ dta$thermostat)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
##  -76.5  -61.4  -43.0   64.5  228.5 
## 
## Coefficients:
##                Estimate Std. Error t value Pr(>|t|)    
## (Intercept)        81.5       17.5    4.66    3e-05 ***
## dta$thermostat    -13.0       23.9   -0.54     0.59    
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 80.1 on 43 degrees of freedom
## Multiple R-squared:  0.00683,    Adjusted R-squared:  -0.0163 
## F-statistic: 0.296 on 1 and 43 DF,  p-value: 0.589
Th.Ols  = lm(dta$therms ~ dta$thermostat + dta$hdd)
summary(Th.Ols)
## 
## Call:
## lm(formula = dta$therms ~ dta$thermostat + dta$hdd)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -25.15  -9.70  -3.34  10.37  50.79 
## 
## Coefficients:
##                 Estimate Std. Error t value Pr(>|t|)    
## (Intercept)     14.69864    3.80566    3.86  0.00038 ***
## dta$thermostat -20.04468    4.48676   -4.47  5.9e-05 ***
## dta$hdd          0.22048    0.00641   34.42  < 2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 15 on 42 degrees of freedom
## Multiple R-squared:  0.966,  Adjusted R-squared:  0.964 
## F-statistic:  597 on 2 and 42 DF,  p-value: <2e-16
dta$thermostatHDD = dta$thermostat*dta$hdd
Th.Interact = lm(dta$therms ~ dta$thermostat + dta$hdd + dta$thermostatHDD)
summary(Th.Interact)
## 
## Call:
## lm(formula = dta$therms ~ dta$thermostat + dta$hdd + dta$thermostatHDD)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -20.41  -4.46   0.39   6.21  22.97 
## 
## Coefficients:
##                   Estimate Std. Error t value Pr(>|t|)    
## (Intercept)        4.23472    2.99878    1.41     0.17    
## dta$thermostat    -0.47873    4.14799   -0.12     0.91    
## dta$hdd            0.25500    0.00659   38.68  < 2e-16 ***
## dta$thermostatHDD -0.06170    0.00881   -7.00  1.6e-08 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 10.2 on 41 degrees of freedom
## Multiple R-squared:  0.985,  Adjusted R-squared:  0.983 
## F-statistic:  869 on 3 and 41 DF,  p-value: <2e-16
library(apsrtable)
apsrtable(Th.Diff, Th.Ols, Th.Interact, model.names= c("(a)", "(b)", "(c)"),    
    coef.names=c("Constant", "Programmable thermostat", "Heating degree days", "interaction"), digits=3)
## \begin{table}[!ht]
## \caption{}
## \label{} 
## \begin{tabular}{ l D{.}{.}{3}D{.}{.}{3}D{.}{.}{3} } 
## \hline 
##   & \multicolumn{ 1 }{ c }{ (a) } & \multicolumn{ 1 }{ c }{ (b) } & \multicolumn{ 1 }{ c }{ (c) } \\ \hline
##  %                       & (a)        & (b)        & (c)       \\ 
## Constant                & 81.524 ^*  & 14.699 ^*  & 4.235     \\ 
##                         & (17.485)   & (3.806)    & (2.999)   \\ 
## Programmable thermostat & -13.020    & -20.045 ^* & -0.479    \\ 
##                         & (23.942)   & (4.487)    & (4.148)   \\ 
## Heating degree days     &            & 0.220 ^*   & 0.255 ^*  \\ 
##                         &            & (0.006)    & (0.007)   \\ 
## interaction             &            &            & -0.062 ^* \\ 
##                         &            &            & (0.009)    \\
##  $N$                     & 45         & 45         & 45        \\ 
## $R^2$                   & 0.007      & 0.966      & 0.985     \\ 
## adj. $R^2$              & -0.016     & 0.964      & 0.983     \\ 
## Resid. sd               & 80.124     & 15.000     & 10.247     \\ \hline
##  \multicolumn{4}{l}{\footnotesize{Standard errors in parentheses}}\\
## \multicolumn{4}{l}{\footnotesize{$^*$ indicates significance at $p< 0.05 $}} 
## \end{tabular} 
##  \end{table}
13.020* 1.59
## [1] 20.7
20.045* 1.59
## [1] 31.9
500* 0.062
## [1] 31
500* 0.062*1.59
## [1] 49.3
1000* 0.062
## [1] 62
1000* 0.062*1.59
## [1] 98.6
Single Figure
## ThermostatScatter.eps
par(mfrow=c(1, 1), mar=c(2.5, 2.4,  2.0,  1.5), oma=c(0.4, 3, 0.4,  0.3))       # mar(south, west, north, east)
plot(dta$therms~dta$hdd,bty="n",col=0,cex=5,pch=16, xlab = "",  ylab = "", main="", xaxt='n', yaxt='n') # , xlim=c(-1.0,6.1), ylim=c(44,62)
    points(dta$therms[dta$thermostat==0]~dta$hdd[dta$thermostat==0], pch=15, col= "#3c78c3", cex=1.0)
    points(dta$therms[dta$thermostat==1]~dta$hdd[dta$thermostat==1], pch=16, col= "#FF7F24", cex=1.0)
    mtext("Therms", las = 1, side = 3, at = -240, line = -1.75, cex = 0.9)  
    mtext("(amout of\ngas used\nin home)", las = 1, side = 3, at = -240, line = -3.9, cex = 0.75)   
    axis(2, las = 1, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = seq(0, 300, by=100), labels =  seq(0, 300, by=100))
    mtext("Heating degree days", side= 1, cex=0.9, at = 500, line = 1.5)    # mgp=c(1.9,1,0), 
    axis(1, at = seq(0, 1000, by=250), labels =  seq(0, 1000, by=250), tick = T, cex.axis = .65, mgp = c(2,.4,0))
    ## Add key
        points(50, 300, pch=15, col= "#3c78c3", cex=1.0)
        points(50, 288, pch=16, col= "#FF7F24", cex=1.0)
        text(420, 300, "Months without programmable thermostat", cex=0.8, col="#3c78c3")
        text(395, 288, "Months with programmable thermostat", cex=0.8, col="#FF7F24")
[image: Ch6_2e_ChapterExamples_files/figure-docx/unnamed-chunk-16-1.png]
Create two figures side-by-side
par(mfrow=c(1, 2), mar=c(3, 2.5,  1.0,  1.5), oma=c(1.0, 1, 0.4,  0.3))     # mar(south, west, north, east)
plot(dta$therms~dta$hdd,bty="n",col=0,cex=5,pch=16, xlab = "",  ylab = "", main="", xaxt='n', yaxt='n') # , xlim=c(-1.0,6.1), ylim=c(44,62)
    points(dta$therms[dta$thermostat==0]~dta$hdd[dta$thermostat==0], pch=15, col= "#3c78c3", cex=1.0)
    points(dta$therms[dta$thermostat==1]~dta$hdd[dta$thermostat==1], pch=16, col= "#FF7F24", cex=1.0)
    mtext("Therms", las = 1, side = 3, at = -260, line = -1., cex = 0.8)    
    #mtext("(amout of\ngas used\nin home)", las = 1, side = 3, at = -240, line = -3.9, cex = 0.75)  
    axis(2, las = 1, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = seq(0, 300, by=100), labels =  seq(0, 300, by=100))
    mtext("Heating degree days", side= 1, cex=0.8, at = 500, line = 1.5)    # mgp=c(1.9,1,0), 
    mtext("(a)", side= 1, cex=0.8, at = 500, line = 2.5)    # mgp=c(1.9,1,0), 
    axis(1, at = seq(0, 1000, by=250), labels =  seq(0, 1000, by=250), tick = T, cex.axis = .65, mgp = c(2,.4,0))
    ## Add fitted lines
        abline(a = 14.699, b = 0.220, col= "#3c78c3", lwd = 3, lty = 2)
        abline(a = (14.699-20.045), b = 0.220, col= "#FF7F24", lwd = 1)
    ## Add key
        points(95, 295, pch=15, col= "#3c78c3", cex=1.0)
        points(95, 270, pch=16, col= "#FF7F24", cex=1.0)
        lines(c(-10, 200), c(295, 295), col= "#3c78c3", cex=1.0, lwd = 3, lty = 2)
        lines(c(-10, 200), c(270, 270), col= "#FF7F24", cex=1.0, lwd = 1)
        text(400, 300, "Months without", cex=0.65, col="#3c78c3")
        text(530, 290, "programmable thermostat", cex=0.65, col="#3c78c3")
        text(370, 275, "Months with", cex=0.65, col="#FF7F24")
        text(530, 265, "programmable thermostat", cex=0.65, col="#FF7F24")

plot(dta$therms~dta$hdd,bty="n",col=0,cex=5,pch=16, xlab = "",  ylab = "", main="", xaxt='n', yaxt='n') # , xlim=c(-1.0,6.1), ylim=c(44,62)
    points(dta$therms[dta$thermostat==0]~dta$hdd[dta$thermostat==0], pch=15, col= "#3c78c3", cex=1.0)
    points(dta$therms[dta$thermostat==1]~dta$hdd[dta$thermostat==1], pch=16, col= "#FF7F24", cex=1.0)
    mtext("Therms", las = 1, side = 3, at = -260, line = -1., cex = 0.8)    
    axis(2, las = 1, tick = T, cex.axis = .65, mgp = c(2,.7,0), at = seq(0, 300, by=100), labels =  seq(0, 300, by=100))
    mtext("Heating degree days", side= 1, cex=0.8, at = 500, line = 1.5)    # mgp=c(1.9,1,0), 
    mtext("(b)", side= 1, cex=0.8, at = 500, line = 2.5)    # mgp=c(1.9,1,0), 
    axis(1, at = seq(0, 1000, by=250), labels =  seq(0, 1000, by=250), tick = T, cex.axis = .65, mgp = c(2,.4,0))
    ## Add fitted lines
        abline(a = 4.235, b = 0.255, col= "#3c78c3", lwd = 3, lty = 2)
        abline(a = 4.235-0.479, b = 0.255-0.062, col= "#FF7F24", lwd = 1)
    ## Add key
        points(95, 295, pch=15, col= "#3c78c3", cex=1.0)
        points(95, 270, pch=16, col= "#FF7F24", cex=1.0)
        lines(c(-10, 200), c(295, 295)
, col= "#3c78c3", cex=1.0, lwd = 3, lty = 2)
        lines(c(-10, 200), c(270, 270), col= "#FF7F24", cex=1.0, lwd = 1)
        text(400, 300, "Months without", cex=0.65, col="#3c78c3")
        text(530, 290, "programmable thermostat", cex=0.65, col="#3c78c3")
        text(370, 275, "Months with", cex=0.65, col="#FF7F24")
        text(530, 265, "programmable thermostat", cex=0.65, col="#FF7F24")
[image: Ch6_2e_ChapterExamples_files/figure-docx/unnamed-chunk-17-1.png]
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