Ch7_2e_ChapterExamples
Preparation
require(knitr)
require(haven)
#library(car)  #install.packages("car")
library(AER)
library(stargazer)
library(apsrtable)


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 7
Life expectancy and GDP per capita, quadratic model
library(foreign)
dta     = data.frame(read.dta("Ch7_ChapterExample_LifeExpectancy.dta"))

## Create variables
    dta$GDPPerCap2011Thous  = dta$gdppercap2011/1000
    dta$GDPPerCap2011ThousSq = dta$GDPPerCap2011Thous^2

    LifeExp.OLS = lm(dta$lifeexp2011~ dta$GDPPerCap2011Thous)
    summary(LifeExp.OLS)
## 
## Call:
## lm(formula = dta$lifeexp2011 ~ dta$GDPPerCap2011Thous)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -22.10  -4.74   2.76   6.33  11.34 
## 
## Coefficients:
##                        Estimate Std. Error t value Pr(>|t|)    
## (Intercept)             65.5656     0.7544   86.91   <2e-16 ***
## dta$GDPPerCap2011Thous   0.2792     0.0304    9.18   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 8.17 on 171 degrees of freedom
##   (41 observations deleted due to missingness)
## Multiple R-squared:  0.33,   Adjusted R-squared:  0.326 
## F-statistic: 84.4 on 1 and 171 DF,  p-value: <2e-16
    LifeExp.Quad        = lm(dta$lifeexp2011 ~  dta$GDPPerCap2011Thous + dta$GDPPerCap2011ThousSq )
    summary(LifeExp.Quad)
## 
## Call:
## lm(formula = dta$lifeexp2011 ~ dta$GDPPerCap2011Thous + dta$GDPPerCap2011ThousSq)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -26.71  -3.61   2.34   5.39  11.15 
## 
## Coefficients:
##                           Estimate Std. Error t value Pr(>|t|)    
## (Intercept)              63.239203   0.778902   81.19  < 2e-16 ***
## dta$GDPPerCap2011Thous    0.679780   0.070092    9.70  < 2e-16 ***
## dta$GDPPerCap2011ThousSq -0.005392   0.000868   -6.21  3.9e-09 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 7.39 on 170 degrees of freedom
##   (41 observations deleted due to missingness)
## Multiple R-squared:  0.454,  Adjusted R-squared:  0.448 
## F-statistic: 70.8 on 2 and 170 DF,  p-value: <2e-16
## Plot raw data next to quadratic
par(mfrow=c(1, 2), mar=c(3.5, 2.5,  2.,  0.5), oma=c(0.2, 2, 1.,  0.3))  # mar(south, west, north, east)
    plot (dta$GDPPerCap2011Thous, dta$LifeExp2011, main="", col= "black", cex.axis =0.8, 
        type="n", , ylim = c(45, 91), xlim = c(0, 105), xlab = "", ylab = "", xaxt='n', yaxt='n')   # 
    mtext("Life\nexpectancy\nin years",     las = 1, side = 3, at = -25000., line = -1.5, cex = 0.8)    
    mtext("GDP per capita\n (in thousands $)",  side = 1, line = 2.2, cex = 0.8)
    axis(2, las = 1, tick = T, cex.axis = .8, mgp = c(2,.7,0))
    axis(1, tick = T, at= seq(0, 100, by=20), labels =seq(0, 100, by=20),
                cex.axis = .8, mgp = c(2,.3,0))
    points(dta$GDPPerCap2011Thous, dta$lifeexp2011, pch=16, col="#3c78c3", cex=0.75)
    abline(LifeExp.OLS, col="#3c78c3", lwd=2)

    plot (dta$GDPPerCap2011Thous , dta$lifeexp2011 , main="", col= "black", cex.axis =0.8, 
        type="n", , ylim = c(45, 91), xlim = c(0, 105), xlab = "", ylab = "", xaxt='n', yaxt='n')   # 
    mtext("GDP per capita\n (in thousands $)",  side = 1, line = 2.2, cex = 0.8)
    axis(1, tick = T, at= seq(0, 100, by=20), labels =seq(0, 100, by=20),
                cex.axis = .8, mgp = c(2,.3,0))
    axis(2, las= 1, tick = T, cex.axis = .8, mgp = c(2,.7,0))
    points(dta$GDPPerCap2011Thous, dta$lifeexp2011, pch=16, col="#3c78c3", cex=0.75)
    curve(coef(LifeExp.Quad)[1] + coef(LifeExp.Quad)[2]*x + coef(LifeExp.Quad)[3]*x^2,  
        from=0,to=max(dta$GDPPerCap2011Thous, na.rm=T),add=T, lwd = 2, col="#3c78c3")
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Life expectancy and GDP per capita, logged models
    dta$LogLifeExp                = log(dta$lifeexp2011)
    dta$LogGPDpercap2011Thous   = log(dta$GDPPerCap2011Thous)
    dta$LogGPDpercap2011        = log(dta$gdppercap2011)

    LifeExp.LogLinear       = lm(dta$LogLifeExp ~ dta$gdppercap2011)
    summary(LifeExp.LogLinear)
## 
## Call:
## lm(formula = dta$LogLifeExp ~ dta$gdppercap2011)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -0.3498 -0.0624  0.0486  0.0974  0.1654 
## 
## Coefficients:
##                   Estimate Std. Error t value Pr(>|t|)    
## (Intercept)       4.17e+00   1.20e-02  347.54   <2e-16 ***
## dta$gdppercap2011 4.05e-06   4.84e-07    8.37    2e-14 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.13 on 171 degrees of freedom
##   (41 observations deleted due to missingness)
## Multiple R-squared:  0.291,  Adjusted R-squared:  0.287 
## F-statistic: 70.1 on 1 and 171 DF,  p-value: 1.97e-14
    LifeExp.LogLog          = lm(dta$LogLifeExp ~ dta$LogGPDpercap2011Thous)
    summary(LifeExp.LogLog)
## 
## Call:
## lm(formula = dta$LogLifeExp ~ dta$LogGPDpercap2011Thous)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -0.4253 -0.0325  0.0205  0.0597  0.1874 
## 
## Coefficients:
##                           Estimate Std. Error t value Pr(>|t|)    
## (Intercept)                 4.1045     0.0110   374.4   <2e-16 ***
## dta$LogGPDpercap2011Thous   0.0770     0.0049    15.7   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.0987 on 171 degrees of freedom
##   (41 observations deleted due to missingness)
## Multiple R-squared:  0.591,  Adjusted R-squared:  0.589 
## F-statistic:  247 on 1 and 171 DF,  p-value: <2e-16
    ## See Stock and Watson p. 273: exp((0.5*summary(LifeExp.LogLog)$sigma))

    LifeExp.LogLog.Fit          = exp(coefficients(LifeExp.LogLog)[1]   + coefficients(LifeExp.LogLog)[2]       *dta$LogGPDpercap2011Thous)
    GDPPerCapXThous         = seq(0, 110, by=1)
    LifeExp.LogLinear.Fit       = exp(coefficients(LifeExp.LogLinear)[1]    + coefficients(LifeExp.LogLinear)[2]*GDPPerCapXThous)

    
    LifeExp.LinearLog       = lm(dta$lifeexp2011~ dta$LogGPDpercap2011Thous)
    summary(LifeExp.LinearLog)
## 
## Call:
## lm(formula = dta$lifeexp2011 ~ dta$LogGPDpercap2011Thous)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -27.02  -2.37   1.18   3.63  12.18 
## 
## Coefficients:
##                           Estimate Std. Error t value Pr(>|t|)    
## (Intercept)                 61.112      0.674    90.7   <2e-16 ***
## dta$LogGPDpercap2011Thous    5.145      0.301    17.1   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 6.07 on 171 degrees of freedom
##   (41 observations deleted due to missingness)
## Multiple R-squared:  0.63,   Adjusted R-squared:  0.628 
## F-statistic:  292 on 1 and 171 DF,  p-value: <2e-16
    GDPPerCapXThous         = seq(0, 110, by=1)
    LogGDPPerCapXThous  = log(GDPPerCapXThous+0.0001)
    LifeExp.LinearLog.Fit       = coefficients(LifeExp.LinearLog)[1]    + coefficients(LifeExp.LinearLog)[2]    *LogGDPPerCapXThous
        #dta$GDPPerCapX             = seq(0, 110000, by=1000)
    #dta$LogGDPPerCapX      = log(dta$GDPPerCapX+0.0001)
    #dta$LogGDPPerCapXThous     = log(GDPPerCapXThous+0.0001)
par(mfrow=c(1, 1), mar=c(3.5, 2.5,  2.,  0.5), oma=c(0.2, 2, 1.,  0.3))  # mar(south, west, north, east)
    plot (dta$GDPPerCap2011Thous, dta$lifeexp2011, main="", col= "black", cex.axis =0.8, 
        type="n", , ylim = c(48, 85), xlim = c(0, 105), xlab = "", ylab = "", xaxt='n', yaxt='n')   # 
    mtext("Life\nexpectancy\nin years",     las = 1, side = 3, at = -12, line = -1.5, cex = 0.8)    
    mtext("GDP per capita\n (in thousands $)",  side = 1, line = 2.2, cex = 0.8)
    axis(2, las = 1, tick = T, cex.axis = .8, mgp = c(2,.7,0))
    #axis(1, tick = T, at= seq(0, 100000, by=20000), labels =seq(0, 100000, by=20000)/1000, cex.axis = .8, mgp = c(2,.3,0))
    axis(1, tick = T, at= seq(0, 100, by=20), labels =seq(0, 100, by=20), cex.axis = .8, mgp = c(2,.3,0))
    points(dta$GDPPerCap2011Thous, dta$lifeexp2011, pch=16, col="#3c78c3", cex=0.75)
    curve(coef(LifeExp.LinearLog )[1] + coef(LifeExp.LinearLog )[2]*log(x), 
        from=0,to=max(dta$GDPPerCap2011Thous, na.rm=T),add=T, lwd = 2, col="#3c78c3")
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Case study: Global warming
We have updated data to 2019. The “.old” versions show the data through 2012 in earlier editions. The “.new” versions use data through 2019.
#library(readxl) #dta = read_excel(“Ch7_ChapterExample_GlobalWarming.xlsx”, sheet= “Data”, col_types = “numeric”, na = “NA”) #save(dta, file = “clim.RData”)
load("Ch7_ChapterExample_GlobalWarming.RData")

# Old data
#Warming.ols.old = lm(ObservedTemperature ~ Year, data = dta)
#summary(Warming.ols.old)

# New data
Warming.ols.new= lm(observedtemp_new ~ Year, data = dta)
summary(Warming.ols.new)
## 
## Call:
## lm(formula = observedtemp_new ~ Year, data = dta)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -0.4989 -0.1157 -0.0036  0.1240  0.6466 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept) -1.78e+01   8.27e-01   -21.6   <2e-16 ***
## Year         9.17e-03   4.24e-04    21.6   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.201 on 137 degrees of freedom
##   (2 observations deleted due to missingness)
## Multiple R-squared:  0.773,  Adjusted R-squared:  0.772 
## F-statistic:  468 on 1 and 137 DF,  p-value: <2e-16
Quadratic models
dta$YearSq = dta$Year^2

# Original data
#Warming.quad.old         = lm(dta$ObservedTemperature ~ dta$Year + dta$YearSq)
#summary(Warming.quad.old)   #confint(TempYearSq)

# New data
Warming.quad.new        = lm(observedtemp_new ~ Year+ YearSq, data = dta)
summary(Warming.quad.new) #confint(TempYearSq2)
## 
## Call:
## lm(formula = observedtemp_new ~ Year + YearSq, data = dta)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -0.4121 -0.0878 -0.0058  0.0977  0.3628 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept)  3.56e+02   3.16e+01    11.3   <2e-16 ***
## Year        -3.75e-01   3.25e-02   -11.6   <2e-16 ***
## YearSq       9.86e-05   8.33e-06    11.8   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.141 on 136 degrees of freedom
##   (2 observations deleted due to missingness)
## Multiple R-squared:  0.888,  Adjusted R-squared:  0.887 
## F-statistic:  541 on 2 and 136 DF,  p-value: <2e-16
coefficients(Warming.quad.new)["Year"] + 2 * coefficients(Warming.quad.new)["YearSq"] * 1900
##      Year 
## -0.000486
coefficients(Warming.quad.new)["Year"] + 2 * coefficients(Warming.quad.new)["YearSq"] * 2000
##   Year 
## 0.0192
apsrtable(Warming.ols.new , Warming.quad.new, model.names= c("(a)", "(b)"), digits=5, 
          coef.names=c("Constant", "Year",  "Year squared") ) 
## \begin{table}[!ht]
## \caption{}
## \label{} 
## \begin{tabular}{ l D{.}{.}{5}D{.}{.}{5} } 
## \hline 
##   & \multicolumn{ 1 }{ c }{ (a) } & \multicolumn{ 1 }{ c }{ (b) } \\ \hline
##  %            & (a)          & (b)         \\ 
## Constant     & -17.81938 ^* & 356.45809 ^*\\ 
##              & (0.82699)    & (31.62090)  \\ 
## Year         & 0.00917 ^*   & -0.37506 ^* \\ 
##              & (0.00042)    & (0.03246)   \\ 
## Year squared &              & 0.00010 ^*  \\ 
##              &              & (0.00001)    \\
##  $N$          & 139          & 139         \\ 
## $R^2$        & 0.77343      & 0.88842     \\ 
## adj. $R^2$   & 0.77178      & 0.88678     \\ 
## Resid. sd    & 0.20069      & 0.14135      \\ \hline
##  \multicolumn{3}{l}{\footnotesize{Standard errors in parentheses}}\\
## \multicolumn{3}{l}{\footnotesize{$^*$ indicates significance at $p< 0.05 $}} 
## \end{tabular} 
##  \end{table}
Replicate plot in Chapter 7 (Figure: ClimateTemp3.eps)
par(mfrow=c(1, 2), mar=c(3.5, 1.5,  1.,  0.5), oma=c(0.2, 2, 1.,  0.3)) # mar(south, west, north, east)
par(mar=c(4.0, 8, 1., 8), oma=c(0.2, 4, 1.,  3)) # mar(south, west, north, east)
#par(mar=c(2.0, 2, 2., 2), oma=c(0.2, 2, 1.,  2)) # mar(south, west, north, east)
layout(matrix(c(1,1,2,3), 2, 2, byrow = TRUE))  ## this says fig 1 in upper left, fig 2 in upper right, and fig 3 across bottom
plot (dta$Year, dta$observedtemp_new , main="", col= "black", cex.axis =0.8, 
      type="n", xlim = c(1880, 2020), xlab = "", ylab = "", xaxt='n', yaxt='n') # 
mtext("Year",           side = 1, line = 1.4, cex = 0.8)
mtext("(a)",            side = 1, line = 2.4, cex = 0.8)
mtext("Temperature\ndeviation",     las = 1, side = 3, at = 1850, line =-0.8, cex = 0.7)    
axis(1, at = seq(1880, 2020,by=10), labels =  seq(1880, 2020,by=10), tick = T, cex.axis = .8, mgp = c(2,.4,0))
axis(2, las = 1, at = seq(-0.6, 1.8, by=0.3), labels =  round(seq(-0.6, 1.8, by=0.3), 2), tick = T, cex.axis = .8, mgp = c(2,.7,0))
points(dta$Year, dta$observedtemp_new, pch=16, col="#3c78c3", cex=0.75)

par(mar=c(4.0,2.5,1.,0.5))      # oma=c(0.2,1,2.,0.3))
plot (dta$Year, dta$observedtemp_new , main="", col= "black", cex.axis =0.8, 
      type="n", xlim = c(1880, 2020), xlab = "", ylab = "", xaxt='n', yaxt='n') # 
mtext("Year",           side = 1, line = 1.4, cex = 0.8)
mtext("(b)",            side = 1, line = 2.3, cex = 0.8)
mtext("Temperature\ndeviation",     las = 1, side = 3, at = 1840, line = -0.6, cex = 0.7)   
axis(1, at = seq(1880, 2020,by=10), labels =  seq(1880, 2020,by=10), tick = T, cex.axis = .7, mgp = c(2,.4,0))
axis(2, las = 1, at = seq(-0.6, 1.8, by=0.3), labels =  round(seq(-0.6, 1.8, by=0.3), 2), tick = T, cex.axis = .8, mgp = c(2,.7,0))
points(dta$Year, dta$observedtemp_new, pch=16, col="#3c78c3", cex=0.75)
abline(Warming.ols.new, lwd=2, col="#3c78c3")

plot (dta$Year, dta$observedtemp_new , main="", col= "black", cex.axis =0.8, 
      type="n", xlim = c(1880, 2020), xlab = "", ylab = "",
      xaxt='n', yaxt='n')   # 
mtext("Year",           side = 1, line = 1.4, cex = 0.8)
mtext("(c)",            side = 1, line = 2.3, cex = 0.8)
axis(1, at = seq(1880, 2020,by=10), labels =  seq(1880, 2020,by=10), tick = T, cex.axis = .7, mgp = c(2,.4,0))
axis(2, las = 1, at = seq(-0.6, 1.8, by=0.3), labels =  round(seq(-0.6, 1.8, by=0.3), 2), tick = T, cex.axis = .8, mgp = c(2,.7,0))

points(dta$Year, dta$observedtemp_new, pch=16, col="#3c78c3", cex=0.75)
curve(coef(Warming.quad.new)[1] + coef(Warming.quad.new)[2]*x + coef(Warming.quad.new)[3]*x^2,  
      from=1880,to=2020,add=T, lwd = 2., col="#3c78c3")
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Height and wages, logged models
load(file = "Ch3_ChapterExample_HeightAndWages.RData")  
dta$WageTemp            = dta$wage96
dta$WageTemp[dta$WageTemp==0]   =0.001
dta$logwage             = log(dta$WageTemp)

HeightWage.OLS = lm(dta$wage96          ~ dta$height85)
summary(HeightWage.OLS)
## 
## Call:
## lm(formula = dta$wage96 ~ dta$height85)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -18.64  -6.96  -2.66   3.75  79.58 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept)  -13.0934     6.8967   -1.90    0.058 .  
## dta$height85   0.4121     0.0975    4.22  2.5e-05 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 11.9 on 1908 degrees of freedom
##   (1874 observations deleted due to missingness)
## Multiple R-squared:  0.00927,    Adjusted R-squared:  0.00875 
## F-statistic: 17.8 on 1 and 1908 DF,  p-value: 2.51e-05
HeightWage.LinearLog    = lm(WageTemp   ~ log(dta$height85), data = dta)
summary(HeightWage.LinearLog )
## 
## Call:
## lm(formula = WageTemp ~ log(dta$height85), data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -18.57  -6.97  -2.66   3.77  79.55 
## 
## Coefficients:
##                   Estimate Std. Error t value Pr(>|t|)    
## (Intercept)        -108.78      29.09   -3.74  0.00019 ***
## log(dta$height85)    29.32       6.83    4.29  1.9e-05 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 11.9 on 1908 degrees of freedom
##   (1874 observations deleted due to missingness)
## Multiple R-squared:  0.00955,    Adjusted R-squared:  0.00903 
## F-statistic: 18.4 on 1 and 1908 DF,  p-value: 1.88e-05
HeightWage.LogLinear    = lm(logwage    ~ height85, data = dta)
summary(HeightWage.LogLinear )
## 
## Call:
## lm(formula = logwage ~ height85, data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -9.415 -0.100  0.290  0.679  2.222 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)  
## (Intercept) 0.000668   1.030783    0.00    0.999  
## height85    0.032547   0.014579    2.23    0.026 *
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 1.78 on 1908 degrees of freedom
##   (1874 observations deleted due to missingness)
## Multiple R-squared:  0.00261,    Adjusted R-squared:  0.00208 
## F-statistic: 4.98 on 1 and 1908 DF,  p-value: 0.0257
HeightWage.LogLog       = lm(logwage    ~ log(dta$height85), data = dta)
summary(HeightWage.LogLog )
## 
## Call:
## lm(formula = logwage ~ log(dta$height85), data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -9.413 -0.101  0.290  0.678  2.219 
## 
## Coefficients:
##                   Estimate Std. Error t value Pr(>|t|)  
## (Intercept)          -7.75       4.35   -1.78    0.075 .
## log(dta$height85)     2.36       1.02    2.31    0.021 *
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 1.78 on 1908 degrees of freedom
##   (1874 observations deleted due to missingness)
## Multiple R-squared:  0.00279,    Adjusted R-squared:  0.00227 
## F-statistic: 5.35 on 1 and 1908 DF,  p-value: 0.0209
library(apsrtable)
apsrtable(HeightWage.OLS, HeightWage.LinearLog, HeightWage.LinearLog,  HeightWage.LogLog, model.names= c("No log", "Linear-log", 
    "Log-linear", "Log-log"),
    coef.names=c("Constant", "Adolescent height", "Log adolescent height"), 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 }{ No log } & \multicolumn{ 1 }{ c }{ Linear-log } & \multicolumn{ 1 }{ c }{ Log-linear } & \multicolumn{ 1 }{ c }{ Log-log } \\ \hline
##  %                     & No log      & Linear-log  & Log-linear  & Log-log    \\ 
## Constant              & -13.093     & -108.778 ^* & -108.778 ^* & -7.754     \\ 
##                       & (6.897)     & (29.092)    & (29.092)    & (4.348)    \\ 
## Adolescent height     & 0.412 ^*    &             &             &            \\ 
##                       & (0.098)     &             &             &            \\ 
## Log adolescent height &             & 29.316 ^*   & 29.316 ^*   & 2.362 ^*   \\ 
##                       &             & (6.834)     & (6.834)     & (1.021)     \\
##  $N$                   & 1910        & 1910        & 1910        & 1910       \\ 
## $R^2$                 & 0.009       & 0.010       & 0.010       & 0.003      \\ 
## adj. $R^2$            & 0.009       & 0.009       & 0.009       & 0.002      \\ 
## Resid. sd             & 11.932      & 11.930      & 11.930      & 1.783       \\ \hline
##  \multicolumn{5}{l}{\footnotesize{Standard errors in parentheses}}\\
## \multicolumn{5}{l}{\footnotesize{$^*$ indicates significance at $p< 0.05 $}} 
## \end{tabular} 
##  \end{table}
Presidential vote share
Load data and run basic regression
library(readxl)
dta2 = read_excel("Ch7_ChapterExample_PresidentialElections.xlsx")
dta2$RDI = as.numeric(dta2$RDI)
## Warning: NAs introduced by coercion
dta2$Approve = as.numeric(dta2$Approve)
## Warning: NAs introduced by coercion
IncVote.1 = lm(Vote100 ~ RDI, data = dta2 )
summary(IncVote.1)
## 
## Call:
## lm(formula = Vote100 ~ RDI, data = dta2)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -6.011 -1.695 -0.443  2.721  7.614 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   46.095      1.726   26.71  1.1e-14 ***
## RDI            2.208      0.551    4.01    0.001 ** 
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 3.85 on 16 degrees of freedom
##   (1 observation deleted due to missingness)
## Multiple R-squared:  0.501,  Adjusted R-squared:  0.47 
## F-statistic:   16 on 1 and 16 DF,  p-value: 0.00102
IncVote.2 = lm(Vote100 ~ RDI + Approve, data = dta2 )
summary(IncVote.2)
## 
## Call:
## lm(formula = Vote100 ~ RDI + Approve, data = dta2)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -4.636 -1.721  0.089  1.814  6.256 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)  36.9762     2.7481   13.46  8.9e-10 ***
## RDI           1.3416     0.4697    2.86   0.0120 *  
## Approve       0.2202     0.0587    3.75   0.0019 ** 
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 2.86 on 15 degrees of freedom
##   (1 observation deleted due to missingness)
## Multiple R-squared:  0.742,  Adjusted R-squared:  0.708 
## F-statistic: 21.6 on 2 and 15 DF,  p-value: 3.83e-05
IncVote.3 = lm(Vote100 ~ RDI + Approve  + IncumbentPartyHeightAdvantage , data = dta2 )
summary(IncVote.3)
## 
## Call:
## lm(formula = Vote100 ~ RDI + Approve + IncumbentPartyHeightAdvantage, 
##     data = dta2)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -4.635 -1.739  0.355  1.510  5.589 
## 
## Coefficients:
##                               Estimate Std. Error t value Pr(>|t|)    
## (Intercept)                    35.9899     2.9462   12.22  7.4e-09 ***
## RDI                             1.7063     0.6078    2.81   0.0140 *  
## Approve                         0.2193     0.0589    3.72   0.0023 ** 
## IncumbentPartyHeightAdvantage  -0.2484     0.2615   -0.95   0.3583    
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 2.87 on 14 degrees of freedom
##   (1 observation deleted due to missingness)
## Multiple R-squared:  0.758,  Adjusted R-squared:  0.706 
## F-statistic: 14.6 on 3 and 14 DF,  p-value: 0.000136
PresPop.1 = lm(Approve ~ RDI, data = dta2)
summary(PresPop.1)
## 
## Call:
## lm(formula = Approve ~ RDI, data = dta2)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -18.85  -9.37   2.24   6.75  21.96 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)    41.42       5.45    7.60  1.1e-06 ***
## RDI             3.93       1.74    2.26    0.038 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 12.2 on 16 degrees of freedom
##   (1 observation deleted due to missingness)
## Multiple R-squared:  0.242,  Adjusted R-squared:  0.195 
## F-statistic: 5.11 on 1 and 16 DF,  p-value: 0.0382
stargazer(IncVote.1, IncVote.2, 
          title="Results", 
          type = "text",
          align=TRUE, omit.stat=c("LL","f", "adj.rsq"), no.space=TRUE, digits = 3)
## 
## Results
## ===================================================
##                           Dependent variable:      
##                     -------------------------------
##                                 Vote100            
##                           (1)             (2)      
## ---------------------------------------------------
## RDI                    2.210***         1.340**    
##                         (0.551)         (0.470)    
## Approve                                0.220***    
##                                         (0.059)    
## Constant               46.100***       37.000***   
##                         (1.730)         (2.750)    
## ---------------------------------------------------
## Observations              18              18       
## R2                       0.501           0.742     
## Residual Std. Error 3.850 (df = 16) 2.860 (df = 15)
## ===================================================
## Note:                   *p<0.1; **p<0.05; ***p<0.01
##
## Simple collider example: SAT and college grades
##

Xold  = c(rep(1:2, 3), rep(3:4, 3))
SAT = c(rep(c(400, 700, 1000), 2), rep(c(1000, 1300, 1600), 2))
GPA = c(rep(1:2, each = 3), rep(3:4, each = 3))
Admit = c(rep(0, 6), rep(1, 6))
dta = data.frame(cbind(GPA, SAT, Admit))
dta
##    GPA  SAT Admit
## 1    1  400     0
## 2    1  700     0
## 3    1 1000     0
## 4    2  400     0
## 5    2  700     0
## 6    2 1000     0
## 7    3 1000     1
## 8    3 1300     1
## 9    3 1600     1
## 10   4 1000     1
## 11   4 1300     1
## 12   4 1600     1
dta[dta$Admit==1,]
##    GPA  SAT Admit
## 7    3 1000     1
## 8    3 1300     1
## 9    3 1600     1
## 10   4 1000     1
## 11   4 1300     1
## 12   4 1600     1
OLS.all = lm(GPA ~ SAT, data = dta)
summary(OLS.all)
## 
## Call:
## lm(formula = GPA ~ SAT, data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
##  -1.50  -0.55   0.00   0.55   1.50 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)  
## (Intercept) 0.500000   0.705927    0.71    0.495  
## SAT         0.002000   0.000658    3.04    0.013 *
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.883 on 10 degrees of freedom
## Multiple R-squared:  0.48,   Adjusted R-squared:  0.428 
## F-statistic: 9.23 on 1 and 10 DF,  p-value: 0.0125
OLS.admitx2 = lm(GPA ~ SAT + Admit, data = dta)
summary(OLS.admitx2)
## 
## Call:
## lm(formula = GPA ~ SAT + Admit, data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
##   -0.5   -0.5    0.0    0.5    0.5 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)   
## (Intercept)  1.50e+00   5.31e-01    2.82   0.0200 * 
## SAT         -1.66e-18   6.80e-04    0.00   1.0000   
## Admit        2.00e+00   5.27e-01    3.79   0.0043 **
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.577 on 9 degrees of freedom
## Multiple R-squared:   0.8,   Adjusted R-squared:  0.756 
## F-statistic:   18 on 2 and 9 DF,  p-value: 0.000716
OLS.admit1 = lm(GPA ~ SAT, data = dta[dta$Admit==1,])
summary(OLS.admit1)
## 
## Call:
## lm(formula = GPA ~ SAT, data = dta[dta$Admit == 1, ])
## 
## Residuals:
##    7    8    9   10   11   12 
## -0.5 -0.5 -0.5  0.5  0.5  0.5 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)  
## (Intercept)  3.50e+00   1.35e+00    2.59    0.061 .
## SAT         -2.59e-18   1.02e-03    0.00    1.000  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.612 on 4 degrees of freedom
## Multiple R-squared:  2.1e-30,    Adjusted R-squared:  -0.25 
## F-statistic: 8.41e-30 on 1 and 4 DF,  p-value: 1
OLS.admit0 = lm(GPA ~ SAT, data = dta[dta$Admit==0,])
summary(OLS.admit0)
## 
## Call:
## lm(formula = GPA ~ SAT, data = dta[dta$Admit == 0, ])
## 
## Residuals:
##    1    2    3    4    5    6 
## -0.5 -0.5 -0.5  0.5  0.5  0.5 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)
## (Intercept)  1.50e+00   7.57e-01    1.98     0.12
## SAT         -1.57e-18   1.02e-03    0.00     1.00
## 
## Residual standard error: 0.612 on 4 degrees of freedom
## Multiple R-squared:  5.92e-31,   Adjusted R-squared:  -0.25 
## F-statistic: 2.37e-30 on 1 and 4 DF,  p-value: 1
library(stargazer)
stargazer(OLS.all, OLS.admit1, OLS.admit0, OLS.admitx2, type = "text", title="Results", align=TRUE, omit.stat=c("LL","f"), no.space=TRUE, digits = 3)
## 
## Results
## ================================================================================
##                                         Dependent variable:                     
##                     ------------------------------------------------------------
##                                                 GPA                             
##                           (1)            (2)            (3)            (4)      
## --------------------------------------------------------------------------------
## SAT                     0.002**         -0.000         -0.000         -0.000    
##                         (0.001)        (0.001)        (0.001)        (0.001)    
## Admit                                                                2.000***   
##                                                                      (0.527)    
## Constant                 0.500          3.500*         1.500         1.500**    
##                         (0.706)        (1.350)        (0.757)        (0.531)    
## --------------------------------------------------------------------------------
## Observations              12              6              6              12      
## R2                       0.480          0.000          0.000          0.800     
## Adjusted R2              0.428          -0.250         -0.250         0.756     
## Residual Std. Error 0.883 (df = 10) 0.612 (df = 4) 0.612 (df = 4) 0.577 (df = 9)
## ================================================================================
## Note:                                                *p<0.1; **p<0.05; ***p<0.01
# Plot \ref{fig:SATscores_postt}
par(mfrow=c(1, 1), mar=c(3.0, 3.0,  1.,  1.5), oma=c(1.5, 2, 0.5,  0.3))        # mar(south, west, north, east)
plot(dta$SAT, dta$GPA, xlab = "",  ylab = "", main="", xaxt="n", yaxt="n", cex.axis =0.8, type="n")
points(dta$SAT[dta$Admit==1], dta$GPA[dta$Admit==1], cex=1, col="#3c78c3", pch = 19)
points(dta$SAT[dta$Admit==0], dta$GPA[dta$Admit==0], cex=1, col="#FF7F24", pch = 0)
mtext("College\nGPA", las = 1, side = 3, at = 300, line = -5, cex = 1)  
axis(2, las = 1, tick = T, cex.axis = .75, mgp = c(2,.7,0), at = seq(1, 4, by=1), 
     labels =  seq(1, 4, by=1))
mtext("SAT scores", side = 1, line = 1.6, cex = 1)
axis(1, at = seq(400, 1600, by=300), labels = seq(400, 1600, by=300), tick = T, 
     cex.axis = .75, mgp = c(2,.4,0))
abline(OLS.all, col= "grey", lwd=2) 
points(1400, 1.2, cex=1, col="#FF7F24", pch = 0)
points(1400, 1.4, cex=1, col="#3c78c3", pch = 19)
text(1465, 1.2, "Not admitted", cex=0.8, col="#FF7F24")
text(1450, 1.4, "Admitted", cex=0.8, col="#3c78c3")
polygon(c(1350, 1570, 1570, 1350), c(1.1, 1.1, 1.5, 1.5))
[image: Ch7_2e_ChapterExamples_files/figure-docx/unnamed-chunk-11-1.png]
Create figure for post-treatment variable discussion
# Figure: PostTreatmentSimpleMediator with presidential popularity as mediator Fig7dot8.eps
  par(mfrow=c(1, 1), mar=c(1.0, 1, 1., 0.5), oma=c(1,1.,1., 0.5))   # mar(south, west, north, east)
  plot(c(0.2, 9.9), c(1.5, 8.5), main="", xlab = "", cex.axis =0.8, xaxt="n", yaxt="n", type = "n")
  polygon(c(0, 3, 3, 0), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
  text(1.5, 8.0, expression(paste(italic(X)[1])))
  text(1.5, 7.5, "Independent variable", cex= 0.9)
  text(1.5, 7.0, "Example: income growth", cex= 0.9)
  polygon(c(0, 3, 3, 0), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
  text(1.5, 3.0, expression(paste(italic(X)[2])))
  text(1.5, 2.5, "Post-treatment variable", cex= 0.9)
  text(1.5, 2.0, "Example: Presidential popularity", cex= 0.9)
  polygon(c(6.9 ,10.1, 10.1, 6.9), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
  text(8.5, 3.0, expression(italic(Y)))
  text(8.5, 2.4, "Dependent variable", cex= 0.9)
  text(8.5, 2.0, "Example: Election results", cex= 0.9)
  arrows(1.5, 6.4, 1.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
  text(1.8, 5, expression(alpha), cex = 1.2, col="#3c78c3")
  arrows(1.5, 6.4, 6.9, 2.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
  text(5, 4.2, expression(gamma[1]), cex = 1.2, col="#3c78c3")
  arrows(3.1, 2.5, 6.9, 2.5, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
  text(5.0, 2.65, expression(gamma[2]), cex = 1.2, col="#3c78c3")
[image: Ch7_2e_ChapterExamples_files/figure-docx/unnamed-chunk-12-1.png]
# Figure: PostTreatmentSimpleMediator with reading scores as post treatment
par(mfrow=c(1, 1), mar=c(1.0, 1, 1., 0.5), oma=c(1,1.,1., 0.5)) # mar(south, west, north, east)
plot(c(0.2, 9.9), c(1.5, 8.5), main="", xlab = "", cex.axis =0.8, xaxt="n", yaxt="n", type = "n")
    polygon(c(0, 3, 3, 0), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(1.5, 8.0, expression(paste(italic(X)[1])))
        text(1.5, 7.4, "Independent variable", cex= 0.9)
        text(1.5, 7.0, "Example: 9th grade\ntutoring treatment", cex= 0.9)
    polygon(c(0, 3, 3, 0), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(1.5, 3.0, expression(paste(italic(X)[2])))
        text(1.5, 2.4, "Post-treatment variable", cex= 0.9)
        text(1.5, 2.0, "Example: 12th grade\nreading scores", cex= 0.9)
    polygon(c(6.9 ,10.1, 10.1, 6.9), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(8.5, 3.0, expression(italic(Y)))
        text(8.5, 2.4, "Dependent variable", cex= 0.9)
        text(8.5, 2.0, "Example: Age 26 earnings", cex= 0.9)
    arrows(1.5, 6.4, 1.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(1.8, 5, expression(alpha), cex = 1.2, col="#3c78c3")
    arrows(1.5, 6.4, 6.9, 2.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5, 4.2, expression(gamma[1]), cex = 1.2, col="#3c78c3")
    arrows(3.1, 2.5, 6.9, 2.5, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5.0, 2.65, expression(gamma[2]), cex = 1.2, col="#3c78c3")
[image: Ch7_2e_ChapterExamples_files/figure-docx/unnamed-chunk-13-1.png]
# Figure: PostTreatmentSimpleConfounderLabels with variable labels - hospital example
par(mfrow=c(1, 1), mar=c(1.0, 1, 1., 0.5), oma=c(1,1.,1., 0.5)) # mar(south, west, north, east)
plot(c(0.2, 9.9), c(1.5, 8.5), main="", xlab = "", cex.axis =0.8, xaxt="n", yaxt="n", type = "n")
    polygon(c(0, 3, 3, 0), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(1.5, 7.8, expression(paste(italic(X)[1])))
        text(1.5, 7.4, "Independent variable", cex= 0.9)
        text(1.5, 7.1, "Example: car accident", cex= 0.9)
    polygon(c(0, 3, 3, 0), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(1.5, 2.8, expression(paste(italic(X)[2])))
        text(1.5, 2.4, "Post-treatment variable", cex= 0.9)
        text(1.5, 2.1, "Example: hospitalization", cex= 0.9)
    polygon(c(7,10, 10, 7), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(8.5, 7.8, expression(italic(U)))
        text(8.5, 7.4, "Unobserved confounder\nvariable", cex= 0.9)
        text(8.5, 7.0, "Example: high fever", cex= 0.9)
    polygon(c(7,10, 10, 7), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(8.5, 2.8, expression(italic(Y)))
        text(8.5, 2.4, "Dependent variable", cex= 0.9)
        text(8.5, 2.1, "Example: Flu", cex= 0.9)
    arrows(1.5, 6.4, 1.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(1.8, 5, expression(alpha), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 1.6, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5, 5.2, expression(rho[1]), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 8.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(8.7, 5.0, expression(rho[2]), cex = 1.2, col="#3c78c3")
[image: Ch7_2e_ChapterExamples_files/figure-docx/unnamed-chunk-14-1.png]
# Figure: PostTreatmentSimpleConfounderLabels with variable labels - immigrant example
par(mfrow=c(1, 1), mar=c(1.0, 1, 1., 0.5), oma=c(1,1.,1., 0.5)) # mar(south, west, north, east)
plot(c(0.2, 9.9), c(1.5, 8.5), main="", xlab = "", cex.axis =0.8, xaxt="n", yaxt="n", type = "n")
    polygon(c(0, 3, 3, 0), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(1.5, 7.8, expression(paste(italic(X)[1])))
        text(1.5, 7.4, "Independent variable", cex= 0.9)
        text(1.5, 7.1, "Example: Immigrant from Cuba", cex= 0.9)
    polygon(c(0, 3, 3, 0), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(1.5, 2.8, expression(paste(italic(X)[2])))
        text(1.5, 2.4, "Post-treatment variable", cex= 0.9)
        text(1.5, 2.1, "Example: Republican Party ID", cex= 0.9)
    polygon(c(7,10, 10, 7), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(8.5, 7.8, expression(italic(U)))
        text(8.5, 7.4, "Unobserved confounder\nvariable", cex= 0.9)
        text(8.5, 7.0, "Example: Conservative\nracial attitudes", cex= 0.9)
    polygon(c(7,10, 10, 7), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(8.5, 2.8, expression(italic(Y)))
        text(8.5, 2.4, "Dependent variable", cex= 0.9)
        text(8.5, 2.1, "Example: Trump support", cex= 0.9)
    arrows(1.5, 6.4, 1.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(1.7, 5, expression(alpha), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 1.6, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5, 5.2, expression(rho[1]), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 8.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(8.7, 5.0, expression(rho[2]), cex = 1.2, col="#3c78c3")
    arrows(1.5, 6.4, 6.9, 2.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5, 4.2, expression(gamma[1]), cex = 1.2, col="#3c78c3")
    arrows(3.1, 2.5, 6.9, 2.5, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5.0, 2.65, expression(gamma[2]), cex = 1.2, col="#3c78c3")
[image: Ch7_2e_ChapterExamples_files/figure-docx/unnamed-chunk-15-1.png]
# Figure: PostTreatmentSimpleConfounder (with our without Greek labels on arrows)
par(mfrow=c(1, 1), mar=c(1.0, 1, 1., 0.5), oma=c(1,1.,1., 0.5)) # mar(south, west, north, east)
plot(c(0.2, 9.9), c(1.5, 8.5), main="", xlab = "", cex.axis =0.8, xaxt="n", yaxt="n", type = "n")
    polygon(c(-0.1, 3.1, 3.1, -0.1), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(1.5, 8.0, expression(paste(italic(X)[1])))
        text(1.5, 7.5, "Independent variable", cex= 0.9)
        text(1.5, 7.1, "Example: 9th grade tutoring", cex= 0.9)
    polygon(c(-0.1, 3.1, 3.1, -0.1), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(1.5, 3.0, expression(paste(italic(X)[2])))
        text(1.5, 2.5, "Post-treatment variable", cex= 0.9)
        text(1.5, 2.1, "Example: 12th grade\nreading score", cex= 0.9)
    polygon(c(6.9,10.1, 10.1, 6.9), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(8.5, 8.0, expression(italic(U)))
        text(8.5, 7.5, "Unobserved confounder\nvariable", cex= 0.9)
        text(8.5, 7.1, "Example: intelligence", cex= 0.9)
    polygon(c(6.9,10.1, 10.1, 6.9), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(8.5, 3.0, expression(italic(Y)))
        text(8.5, 2.5, "Dependent variable", cex= 0.9)
        text(8.5, 2.1, "Example: age 26 earnings", cex= 0.9)
    arrows(1.5, 6.4, 1.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
# Alpha text(1.8, 5, expression(alpha), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 1.6, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")        
# Rho1  text(5, 5.2, expression(rho[1]), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 8.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
[image: Ch7_2e_ChapterExamples_files/figure-docx/unnamed-chunk-16-1.png]
# Rho2  text(8.7, 5.0, expression(rho[2]), cex = 1.2, col="#3c78c3")
# Figure: PostTreatmentGeneral
par(mfrow=c(1, 1), mar=c(1.0, 1, 1., 0.5), oma=c(1,1.,1., 0.5)) # mar(south, west, north, east)
plot(c(0.2, 9.9), c(1.5, 8.5), main="", xlab = "", cex.axis =0.8, xaxt="n", yaxt="n", type = "n")
    polygon(c(0, 3, 3, 0), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(1.5, 7.8, expression(paste(italic(X)[1])))
        text(1.5, 7.4, "Independent variable", cex= 0.9)
    polygon(c(0, 3, 3, 0), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(1.5, 2.8, expression(paste(italic(X)[2])))
        text(1.5, 2.4, "Post-treatment variable", cex= 0.9)
    polygon(c(7,10, 10, 7), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(8.5, 7.8, expression(italic(U)))
        text(8.5, 7.4, "Unobserved confounder\nvariable", cex= 0.9)
    polygon(c(7,10, 10, 7), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(8.5, 2.8, expression(italic(Y)))
        text(8.5, 2.4, "Dependent variable", cex= 0.9)
    arrows(1.5, 6.4, 1.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(1.7, 5, expression(alpha), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 1.6, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5, 5.2, expression(rho[1]), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 8.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(8.7, 5.0, expression(rho[2]), cex = 1.2, col="#3c78c3")
    arrows(1.5, 6.4, 6.9, 2.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5, 4.2, expression(gamma[1]), cex = 1.2, col="#3c78c3")
    arrows(3.1, 2.5, 6.9, 2.5, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5.0, 2.65, expression(gamma[2]), cex = 1.2, col="#3c78c3")
[image: Ch7_2e_ChapterExamples_files/figure-docx/unnamed-chunk-17-1.png]
# Figure: PostTreatmentGeneralAdvanced (for Advanced OLS chapter)
par(mfrow=c(1, 1), mar=c(1.0, 1, 1., 0.5), oma=c(1,1.,1., 0.5)) # mar(south, west, north, east)
plot(c(0.2, 9.9), c(1.5, 8.5), main="", xlab = "", cex.axis =0.8, xaxt="n", yaxt="n", type = "n")
    polygon(c(-0.1, 3.1, 3.1, -0.1), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(1.5, 8.0, expression(paste(italic(X)[1])))
        text(1.5, 7.5, "Independent variable", cex= 0.9)
        text(1.5, 7.1, "Example: 9th grade tutoring", cex= 0.9)
    polygon(c(-0.1, 3.1, 3.1, -0.1), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(1.5, 3.0, expression(paste(italic(X)[2])))
        text(1.5, 2.5, "Post-treatment variable", cex= 0.9)
        text(1.5, 2.1, "Example: 12th grade\nreading score", cex= 0.9)
    polygon(c(6.9,10.1, 10.1, 6.9), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(8.5, 8.0, expression(italic(U)))
        text(8.5, 7.5, "Unobserved confounder\nvariable", cex= 0.9)
        text(8.5, 7.1, "Example: intelligence", cex= 0.9)
    polygon(c(6.9,10.1, 10.1, 6.9), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(8.5, 3.0, expression(italic(Y)))
        text(8.5, 2.5, "Dependent variable", cex= 0.9)
        text(8.5, 2.1, "Example: age 26 earnings", cex= 0.9)
    arrows(1.5, 6.4, 1.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(1.7, 5, expression(alpha), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 1.6, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5, 5.2, expression(rho[1]), cex = 1.2, col="#3c78c3")
    arrows(8.5, 6.4, 8.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(8.7, 5.0, expression(rho[2]), cex = 1.2, col="#3c78c3")
    arrows(1.5, 6.4, 6.9, 2.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5, 4.2, expression(gamma[1]), cex = 1.2, col="#3c78c3")
    arrows(3.1, 2.5, 6.9, 2.5, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        text(5.0, 2.65, expression(gamma[2]), cex = 1.2, col="#3c78c3")
[image: Ch7_2e_ChapterExamples_files/figure-docx/unnamed-chunk-18-1.png]
# Figure: PostTreatmentSimpleConfounder - SAT and motivation with admissions as a collider (based on Morgan and Winship 2015, 107)
        par(mfrow=c(1, 1), mar=c(1.0, 1, 1., 0.5), oma=c(1,1.,1., 0.5)) # mar(south, west, north, east)
        plot(c(0.2, 9.9), c(1.5, 8.5), main="", xlab = "", cex.axis =0.8, xaxt="n", yaxt="n", type = "n")
        polygon(c(-0.1, 3.1, 3.1, -0.1), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(1.5, 7.5, "SAT score", cex= 0.9)
        polygon(c(-0.1, 3.1, 3.1, -0.1), c(1.5, 1.5, 3.5, 3.5), border ='#3c78c3')
        text(1.5, 2.5, "College admission", cex= 0.9)
        polygon(c(6.9,10.1, 10.1, 6.9), c(6.5, 6.5, 8.5, 8.5), border ='#3c78c3')
        text(8.5, 7.5, "Motivation", cex= 0.9)
        arrows(1.5, 6.4, 1.5, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")
        arrows(8.5, 6.4, 1.6, 3.6, angle=30, length=0.1, lwd=2.0, col="#3c78c3")        
[image: Ch7_2e_ChapterExamples_files/figure-docx/unnamed-chunk-19-1.png]
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