Ch5_2e_ChapterExamples_R
Preparation
require(knitr)
require(haven)
library(AER)

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 5
Retail sales model
Basic regression model
library(foreign)
Sales = data.frame(read.dta("Ch3_ChapterExample_RetailSales.dta"))
Sales$RetailBillions = Sales$retail_ns /1000
SalesOLS    = lm(Sales$RetailBillions ~ Sales$temperature)
summary(SalesOLS)
## 
## Call:
## lm(formula = Sales$RetailBillions ~ Sales$temperature)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -3.407 -1.163 -0.193  0.689  5.970 
## 
## Coefficients:
##                   Estimate Std. Error t value Pr(>|t|)    
## (Intercept)        7.15690    0.40813   17.54   <2e-16 ***
## Sales$temperature -0.01896    0.00733   -2.59     0.01 *  
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 1.82 on 254 degrees of freedom
##   (8 observations deleted due to missingness)
## Multiple R-squared:  0.0256, Adjusted R-squared:  0.0218 
## F-statistic: 6.68 on 1 and 254 DF,  p-value: 0.0103
Plot w/o controlling for December 
par(mfrow=c(1, 1), mar=c(3.0, 3.0,  1.,  1.5), oma=c(1.5, 2, 0.5,  0.3))        # mar(south, west, north, east)
plot(Sales$temperature, Sales$RetailBillions , xlab = "",  ylab = "", main="", xaxt="n", yaxt="n",
     col= "black", cex.axis =0.8, type="n")
mtext("Monthly\nretail sales", las = 1, side = 3, at = 14, line = -0.75, cex = 0.9) 
mtext("(billions of $)", las = 1, side = 3, at = 14, line = -1.4, cex = 0.75)   
mtext("Average monthly temperature", side = 1, line = 1.5, cex = 0.9)
mtext("(in degrees Fahrenheit)", side = 1, line = 2.2, cex = 0.75)
axis(2, las = 1, tick = T, cex.axis = .75, mgp = c(2,.7,0), at = seq(4, 12, by=2), 
     labels =  seq(4, 12, by=2))
axis(1, at = seq(30, 80, by=10), labels = seq(30, 80, by=10), tick = T, 
     cex.axis = .75, mgp = c(2,.4,0))
points(Sales$temperature, Sales$RetailBillions , cex=0.75, col="#3c78c3", pch = 19)
abline(SalesOLS, col= "#3c78c3", lwd=3) 
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Plot w/December control 
par(mfrow=c(1, 2), mar=c(3.0, 3.5,  1.,  1.5), oma=c(1.5, 2, 0.5,  0.3))        # mar(south, west, north, east)
plot(Sales$temperature, Sales$RetailBillions , xlab = "",  ylab = "", main="", xaxt="n", yaxt="n",
     col= "black", cex.axis =0.8, type="n")
mtext("Monthly\nretail sales",  las = 1, side = 3, at = 9.3, line = -0.3, cex = 0.8)    
mtext("(billions of $)",        las = 1, side = 3, at = 9.3, line = -0.95, cex = 0.65)  
mtext("Average monthly temperature", side = 1, line = 1.5, cex = 0.8)
mtext("(in degrees Fahrenheit)",     side = 1, line = 2.2, cex = 0.65)
mtext("(a)",     side = 1, line = 3.3, cex = 0.90)
axis(2, las = 1, tick = T, cex.axis = .75, mgp = c(2,.7,0), at = seq(4, 12, by=2), 
     labels =  seq(4, 12, by=2))
axis(1, at = seq(30, 80, by=10), labels = seq(30, 80, by=10), tick = T, 
     cex.axis = .75, mgp = c(2,.4,0))
points(Sales$temperature[Sales$month!=12], Sales$RetailBillions [Sales$month!=12], cex=0.75, col= "#3c78c3", pch = 19)
points(Sales$temperature[Sales$month==12], Sales$RetailBillions [Sales$month==12], cex=1, col="#FF7F24", pch = 2)
points(50, 11.5, cex=1.0, col="#FF7F24", pch = 2)
points(50, 11.00, cex=0.75, col= "#3c78c3", pch = 19)
text(65.3, 11.5, "December sales",  cex=0.75, col="#FF7F24")
text(63.0, 11.00, "Other months", cex=0.75, col= "#3c78c3")

plot(Sales$temperature, Sales$RetailBillions , xlab = "",  ylab = "", main="", xaxt="n", yaxt="n",
     col= "black", cex.axis =0.8, type="n")
mtext("Monthly\nretail sales",  las = 1, side = 3, at = 9.3, line = -0.3, cex = 0.8)    
mtext("(billions of $)",        las = 1, side = 3, at = 9.3, line = -0.95, cex = 0.65)  
mtext("Average monthly temperature", side = 1, line = 1.5, cex = 0.8)
mtext("(in degrees Fahrenheit)",     side = 1, line = 2.2, cex = 0.65)
mtext("(b)",     side = 1, line = 3.3, cex = 0.90)
axis(2, las = 1, tick = T, cex.axis = .75, mgp = c(2,.7,0), at = seq(4, 12, by=2), 
     labels =  seq(4, 12, by=2))
axis(1, at = seq(30, 80, by=10), labels = seq(30, 80, by=10), tick = T, 
     cex.axis = .75, mgp = c(2,.4,0))
points(Sales$temperature[Sales$month!=12], Sales$RetailBillions [Sales$month!=12], cex=0.75, col= "#3c78c3", pch = 19)
points(Sales$temperature[Sales$month==12], Sales$RetailBillions[Sales$month==12]-5.3, cex=1.2, col="#FF7F24", pch = 17)
points(50, 11.00, cex=0.75, col="#3c78c3", pch = 19)
points(50, 11.9, cex=1.2, col="#FF7F24", pch = 17)
text(65.3, 11.9, "December sales",  cex=0.75, col="#FF7F24")
text(65.2, 11.5, "minus $5 billion",  cex=0.75, col="#FF7F24")
text(63.0, 11.000, "Other months", cex=0.75, col="#3c78c3", pch = 19)
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Multivariate model: shopping and temperature
SalesDecOLS = lm(Sales$RetailBillions  ~ Sales$temperature+ (Sales$month==12) )
#apsrtable(SalesOLS, SalesDecOLS, model.names= c("Bivariate", "Multivariate"),
#   coef.names=c("Constant", "Temperature", "December"), digits=3) # Displays a table in Latex form
summary(SalesDecOLS)
## 
## Call:
## lm(formula = Sales$RetailBillions ~ Sales$temperature + (Sales$month == 
##     12))
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -2.502 -0.704  0.136  0.686  2.614 
## 
## Coefficients:
##                       Estimate Std. Error t value Pr(>|t|)    
## (Intercept)            4.94076    0.26196   18.86   <2e-16 ***
## Sales$temperature      0.01385    0.00459    3.02   0.0028 ** 
## Sales$month == 12TRUE  5.63263    0.25888   21.76   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 1.07 on 253 degrees of freedom
##   (8 observations deleted due to missingness)
## Multiple R-squared:  0.661,  Adjusted R-squared:  0.658 
## F-statistic:  246 on 2 and 253 DF,  p-value: <2e-16
# Add dummies for every month (with one excluded as per Chapter 6)
SalesDecOLS = lm(Sales$RetailBillions ~ Sales$temperature + factor(Sales$month) + Sales$year) 

summary(SalesDecOLS)
## 
## Call:
## lm(formula = Sales$RetailBillions ~ Sales$temperature + factor(Sales$month) + 
##     Sales$year)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -1.145 -0.216  0.049  0.269  0.849 
## 
## Coefficients:
##                        Estimate Std. Error t value Pr(>|t|)    
## (Intercept)           -2.85e+02   8.05e+00  -35.44  < 2e-16 ***
## Sales$temperature      1.13e-02   8.77e-03    1.29    0.198    
## factor(Sales$month)2  -8.21e-01   1.17e-01   -7.02  2.2e-11 ***
## factor(Sales$month)3  -1.92e-01   1.42e-01   -1.36    0.175    
## factor(Sales$month)4  -5.26e-01   2.08e-01   -2.53    0.012 *  
## factor(Sales$month)5  -4.36e-01   2.79e-01   -1.56    0.120    
## factor(Sales$month)6  -3.55e-01   3.56e-01   -1.00    0.320    
## factor(Sales$month)7  -5.25e-01   3.97e-01   -1.32    0.188    
## factor(Sales$month)8   5.47e-01   3.84e-01    1.42    0.156    
## factor(Sales$month)9  -2.44e-01   3.28e-01   -0.74    0.457    
## factor(Sales$month)10 -4.50e-01   2.33e-01   -1.94    0.054 .  
## factor(Sales$month)11  8.93e-01   1.67e-01    5.35  2.1e-07 ***
## factor(Sales$month)12  5.42e+00   1.23e-01   43.88  < 2e-16 ***
## Sales$year             1.45e-01   4.06e-03   35.79  < 2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.385 on 242 degrees of freedom
##   (8 observations deleted due to missingness)
## Multiple R-squared:  0.958,  Adjusted R-squared:  0.956 
## F-statistic:  427 on 13 and 242 DF,  p-value: <2e-16
class(Sales$month)
## [1] "integer"
class(Sales$temperature)
## [1] "numeric"
Multivariate height and wages model
See Chapters 3 an 4 to read in data
Load and organize data
load(file = "Ch3_ChapterExample_HeightAndWages.RData")
HeightWageBivar = lm(dta$wage96             ~ dta$height85)
HeightWageMultivar  = lm(dta$wage96 ~ dta$height85 + dta$height81)
summary(HeightWageMultivar ) 
## 
## Call:
## lm(formula = dta$wage96 ~ dta$height85 + dta$height81)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -19.35  -6.98  -2.72   3.75  79.72 
## 
## Coefficients:
##               Estimate Std. Error t value Pr(>|t|)  
## (Intercept)  -18.14189    7.13704   -2.54    0.011 *
## dta$height85   0.00319    0.19909    0.02    0.987  
## dta$height81   0.48370    0.19413    2.49    0.013 *
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 12 on 1867 degrees of freedom
##   (1914 observations deleted due to missingness)
## Multiple R-squared:  0.0135, Adjusted R-squared:  0.0124 
## F-statistic: 12.7 on 2 and 1867 DF,  p-value: 3.22e-06
## Table \ref{tab:HeightWageMultivariate2}
HeightWageMultivar2     = lm(   dta$wage96 ~ dta$height85 + dta$height81 + 
                             dta$athlets + dta$clubnum)
summary(HeightWageMultivar2 ) 
## 
## Call:
## lm(formula = dta$wage96 ~ dta$height85 + dta$height81 + dta$athlets + 
##     dta$clubnum)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -25.84  -6.68  -2.26   3.71  79.54 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   -13.568      7.054   -1.92    0.055 .  
## dta$height85    0.034      0.196    0.17    0.862    
## dta$height81    0.348      0.191    1.82    0.068 .  
## dta$athlets     3.018      0.563    5.36  9.3e-08 ***
## dta$clubnum     1.884      0.282    6.69  3.0e-11 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 11.7 on 1846 degrees of freedom
##   (1933 observations deleted due to missingness)
## Multiple R-squared:  0.0609, Adjusted R-squared:  0.0588 
## F-statistic: 29.9 on 4 and 1846 DF,  p-value: <2e-16
# set the graphical parameters
par(mfrow=c(1, 2), mar=c( 2.0, 1.0, 1., 1.0),   # Inner margins:  mar(south, west, north, east)
    oma=c(4.0, 6.0, 1., 0.5))   # Outer margins

BetaEst1    = coef(HeightWageBivar)[1:2]
seBetaEst1  = summary(HeightWageBivar)$coef[1:2,2]

BetaEst2    = coef(HeightWageMultivar)[1:3]
seBetaEst2  = summary(HeightWageMultivar)$coef[1:3,2]

## Plot 1:bivariate -HeightWageConfInterval.eps
plot(c(-0.5, 1.5), 1:2, col="blue", lwd=2, type="n",ylab="", cex.lab= 0.85, xlab="",
     cex.axis= 0.65, yaxt='n', xlim = c(-1.0, 1.4))
abline(v =0.0, lty = 3, col = "grey") 
points(BetaEst1[2], 1.75, pch = 19, cex = .75, col="#3c78c3")      # add the points to the plot
lines(c(BetaEst1[2] + 1.96*seBetaEst1[2], BetaEst1[2] - 1.96*seBetaEst1[2]), c(1.75, 1.75), col="#3c78c3")         # 95% confidence intervals
mtext("Estimated coefficients",             side = 1, line = 1.8, cex = 0.75)
mtext( paste("Adult\nHeight"), 2,       line= 0.4,  las=2, padj = -0.7, cex=0.8)
mtext( paste("Adolescent\nHeight"), 2,  line= 0.4,  las=2, padj =  1.5, cex=0.8)
mtext("Bivariate model",            side = 3, line = 0.1, cex = 0.9)


## Plot 2: multivariate w/ 2 variables
plot(c(-0.5, 1.5), 1:2, col="blue", lwd=2, type="n",ylab="", cex.lab= 0.85, xlab="",
     cex.axis= 0.65, yaxt='n', xlim = c(-1.0, 1.4))
abline(v =0.0, lty = 3, col = "grey") 
points(BetaEst2[2:3], c(1.75, 1.25), pch = 19, cex = .75, col="#3c78c3")  
lines(c(BetaEst2[2] + 1.96*seBetaEst2[2], BetaEst2[2] - 1.96*seBetaEst2[2]), c(1.75, 1.75), col="#3c78c3")         # 95% confidence intervals
lines(c(BetaEst2[3] + 1.96*seBetaEst2[3], BetaEst2[3] - 1.96*seBetaEst2[3]), c(1.25, 1.25), col="#3c78c3")         # 95% confidence intervals
mtext("Estimated coefficients",         side = 1, line = 1.8, cex = 0.75)
mtext("Multivariate model",             side = 3, line = 0.1, cex = 0.9)
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Case study: Education and economic growth
dta = data.frame(read.dta("Ch5_ChapterExample_EducationAndGrowth.dta"))  
EdModel1    = lm(dta$ypcgr ~ dta$edavg + dta$ypc60) # Ed60 is test scores in 1960
summary(EdModel1)   # confint(EdModel1)
## 
## Call:
## lm(formula = dta$ypcgr ~ dta$edavg + dta$ypc60)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -2.196 -0.646  0.084  0.588  3.094 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   1.5871     0.5414    2.93  0.00520 ** 
## dta$edavg     0.4396     0.1042    4.22  0.00011 ***
## dta$ypc60    -0.3903     0.0752   -5.19  4.4e-06 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 1.13 on 47 degrees of freedom
## Multiple R-squared:  0.364,  Adjusted R-squared:  0.337 
## F-statistic: 13.5 on 2 and 47 DF,  p-value: 2.39e-05
EdModel2    = lm(dta$ypcgr ~ dta$edavg + dta$ypc60 + dta$tmeanmsagay )
summary(EdModel2)
## 
## Call:
## lm(formula = dta$ypcgr ~ dta$edavg + dta$ypc60 + dta$tmeanmsagay)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -1.804 -0.403 -0.110  0.440  1.622 
## 
## Coefficients:
##                 Estimate Std. Error t value Pr(>|t|)    
## (Intercept)      -4.7639     0.8422   -5.66  9.4e-07 ***
## dta$edavg         0.0237     0.0835    0.28     0.78    
## dta$ypc60        -0.2979     0.0495   -6.02  2.7e-07 ***
## dta$tmeanmsagay   1.9747     0.2386    8.28  1.2e-10 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.724 on 46 degrees of freedom
## Multiple R-squared:  0.745,  Adjusted R-squared:  0.728 
## F-statistic: 44.7 on 3 and 46 DF,  p-value: 1.12e-13
library(apsrtable)
apsrtable(EdModel1, EdModel2, model.names= c("(a)", "(b)"),
          coef.names=c("Constant", "Avg. years of school", "GDP in 1960", "Math/science test scores"), digits=2) #  AuxEdModel2     = lm(dta$edavg  ~ dta$tmeanmsagay ) 
## \begin{table}[!ht]
## \caption{}
## \label{} 
## \begin{tabular}{ l D{.}{.}{2}D{.}{.}{2} } 
## \hline 
##   & \multicolumn{ 1 }{ c }{ (a) } & \multicolumn{ 1 }{ c }{ (b) } \\ \hline
##  %                        & (a)      & (b)     \\ 
## Constant                 & 1.59 ^*  & -4.76 ^*\\ 
##                          & (0.54)   & (0.84)  \\ 
## Avg. years of school     & 0.44 ^*  & 0.02    \\ 
##                          & (0.10)   & (0.08)  \\ 
## GDP in 1960              & -0.39 ^* & -0.30 ^*\\ 
##                          & (0.08)   & (0.05)  \\ 
## Math/science test scores &          & 1.97 ^* \\ 
##                          &          & (0.24)   \\
##  $N$                      & 50       & 50      \\ 
## $R^2$                    & 0.36     & 0.74    \\ 
## adj. $R^2$               & 0.34     & 0.73    \\ 
## Resid. sd                & 1.13     & 0.72     \\ \hline
##  \multicolumn{3}{l}{\footnotesize{Standard errors in parentheses}}\\
## \multicolumn{3}{l}{\footnotesize{$^*$ indicates significance at $p< 0.05 $}} 
## \end{tabular} 
##  \end{table}
# summary(AuxEdModel2 )
## Other models
#EdModel3   = lm(dta$ypcgr ~ dta$edavg + dta$ypc60 + dta$tmeanmsagay + dta$reg)
#EdModel4   = lm(dta$ypcgr ~ dta$edavg + dta$ypc60 + dta$tmeanmsagay + dta$reg + dta$exprop)
Plot of variables
par(mfrow=c(1, 1), mar=c(4.0,3.5, 1.,0.5), oma=c(0.2, 2,2.,0.3))    # mar(south, west, north, east)
layout(matrix(c(1,2,3,3), 2, 2, byrow = TRUE))  ## this says fig 1 in upper left, fig 2 in upper right, and fig 3 across bottom
plot(dta$edavg, dta$ypcgr, xlab = "",  ylab = "", main="", 
     col= "black", cex.axis =0.8, type="n", xaxt="n", yaxt="n") #xlim=c(55, 80)
axis(2, las = 1, tick = T, cex.axis = .75, mgp = c(2,.7,0), at = seq(1, 7, by=1), 
     labels =  seq(1, 7, by=1))
axis(1, at = seq(2, 12, by=2), labels = seq(2, 12, by=2), tick = T, 
     cex.axis = .75, mgp = c(2,.4,0))
mtext("Average\neconomic\ngrowth\n(in %)", las = 1, side = 3, at = -0.6, line = -0.8, cex = 0.75)   
mtext("Average years of school", side = 1, line = 1.5, cex = 0.75)
title(xlab="(a)",mgp=c(2.65,1,0), cex.lab=1.0)
points(dta$edavg, dta$ypcgr, cex=1, col="#3c78c3", pch = 16)

plot(dta$tmeanmsagay , dta$ypcgr, xlab = "",  ylab = "", main="", 
     col= "black", cex.axis =0.8, type="n", xaxt="n", yaxt="n") #xlim=c(55, 80)
axis(2, las = 1, tick = T, cex.axis = .75, mgp = c(2,.7,0), at = seq(1, 7, by=1), 
     labels =  seq(1, 7, by=1))
axis(1, at = seq(3, 5.5, by=0.5), labels = seq(3, 5.5, by=0.5), tick = T, 
     cex.axis = .75, mgp = c(2,.4,0))
mtext("Average\neconomic\ngrowth\n(in %)", las = 1, side = 3, at = 2.5, line = -0.8, cex = 0.75)    
mtext("Average test scores", side = 1, line = 1.5, cex = 0.75)
title(xlab="(b)",mgp=c(2.65,1,0), cex.lab=1.0)
points(dta$tmeanmsagay , dta$ypcgr, cex=1, col="#3c78c3", pch = 16)

par(mar=c(4.0, 12, 1., 8)) # mar(south, west, north, east)
plot(dta$edavg, dta$tmeanmsagay, xlab = "",  ylab = "", main="", 
     col= "black", cex.axis =0.8, type="n", xaxt="n", yaxt="n") #xlim=c(55, 80)
axis(2, las = 1, tick = T, cex.axis = .75, mgp = c(2,.7,0), at = seq(3, 5.5, by=0.5), 
     labels =  seq(3, 5.5, by=0.5))
axis(1, at = seq(2, 12, by=2), labels = seq(2, 12, by=2), tick = T, 
     cex.axis = .75, mgp = c(2,.4,0))
mtext("Average\ntest\nscores", las = 1, side = 3, at = -0.75, line = -2.0, cex = 0.75)  
mtext("Average years of school", side = 1, line = 1.5, cex = 0.75)
title(xlab="(c)",mgp=c(2.65,1,0), cex.lab=1.0)
points(dta$edavg, dta$tmeanmsagay, cex=1, col="#3c78c3", pch = 16)
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Case study: Institutions and human rights
dta = data.frame(read.dta("Ch5_ChapterExample_JudicialIndependence.dta"))  
dta= dta[is.na(dta$JI_Laporta)==0, ]  # Only use observations also used in Laporta
OLS.1 = lm(Humana_1992 ~  JI_Harvey_1995 + LnGDPpc_1998, data = dta)
summary(OLS.1)
## 
## Call:
## lm(formula = Humana_1992 ~ JI_Harvey_1995 + LnGDPpc_1998, data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -48.95  -7.03   4.70   9.57  28.69 
## 
## Coefficients:
##                Estimate Std. Error t value Pr(>|t|)    
## (Intercept)      -22.68      12.57   -1.80    0.076 .  
## JI_Harvey_1995    11.37       4.49    2.53    0.014 *  
## LnGDPpc_1998       9.77       1.36    7.20  1.1e-09 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 17.6 on 60 degrees of freedom
##   (6 observations deleted due to missingness)
## Multiple R-squared:  0.473,  Adjusted R-squared:  0.456 
## F-statistic:   27 on 2 and 60 DF,  p-value: 4.43e-09
OLS.2 = lm(Humana_1992 ~  JI_Harvey_1995 + LnGDPpc_1998 + Democracy_1995, data = dta)
summary(OLS.2)
## 
## Call:
## lm(formula = Humana_1992 ~ JI_Harvey_1995 + LnGDPpc_1998 + Democracy_1995, 
##     data = dta)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -22.67  -8.27   0.82   7.14  26.25 
## 
## Coefficients:
##                Estimate Std. Error t value Pr(>|t|)    
## (Intercept)       30.97      10.15    3.05   0.0034 ** 
## JI_Harvey_1995     1.03       3.15    0.33   0.7439    
## LnGDPpc_1998       1.07       1.31    0.82   0.4177    
## Democracy_1995    24.93       2.77    9.01  1.1e-12 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 11.5 on 59 degrees of freedom
##   (6 observations deleted due to missingness)
## Multiple R-squared:  0.778,  Adjusted R-squared:  0.767 
## F-statistic: 69.1 on 3 and 59 DF,  p-value: <2e-16
Major league baseball salaries
library(foreign)
dta = read.dta("Ch5_ChapterExample_BaseballSalaries.dta")
dta$BatAvg  = dta$h/dta$ab
dta$BatAvg  = dta$h/dta$ab
BBOLS   = lm(dta$salary ~ dta$BatAvg + dta$hr)
summary(BBOLS)
## 
## Call:
## lm(formula = dta$salary ~ dta$BatAvg + dta$hr)
## 
## Residuals:
##      Min       1Q   Median       3Q      Max 
## -6821598 -1206631  -381334   546629 20649057 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept) -2869439     244241   -11.8   <2e-16 ***
## dta$BatAvg  12417630     940986    13.2   <2e-16 ***
## dta$hr        129627       2890    44.9   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 2310000 on 6759 degrees of freedom
## Multiple R-squared:  0.299,  Adjusted R-squared:  0.299 
## F-statistic: 1.44e+03 on 2 and 6759 DF,  p-value: <2e-16
#vcov(BBOLS)
#quantile(dta$salary)
#hist(dta$salary)
c(mean(dta$BatAvg), sqrt(var(dta$BatAvg)))
## [1] 0.2677 0.0317
c(mean(dta$hr), sqrt(var(dta$hr)))
## [1] 12.1 10.3
## Standardized
BBOLS.std   = lm(scale(salary) ~ -1 + scale(BatAvg) + scale(hr),
                data = dta)
print(summary(BBOLS.std),digits=4)
## 
## Call:
## lm(formula = scale(salary) ~ -1 + scale(BatAvg) + scale(hr), 
##     data = dta)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -2.4676 -0.4365 -0.1379  0.1977  7.4693 
## 
## Coefficients:
##               Estimate Std. Error t value Pr(>|t|)    
## scale(BatAvg)  0.14228    0.01078   13.20   <2e-16 ***
## scale(hr)      0.48362    0.01078   44.86   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.837 on 6760 degrees of freedom
## Multiple R-squared:  0.2994, Adjusted R-squared:  0.2992 
## F-statistic:  1445 on 2 and 6760 DF,  p-value: < 2.2e-16
#apsrtable(BBOLS, BBOLS_std, model.names= c("Unstandardized", "Standardized"),
#   coef.names=c("Constant", "Batting average", "Home runs", "Standardized batting average", #"Standardized home runs"), digits=2) # Displays a table in Latex form

# Restricted
dta$BatAvgPlusHr = scale(dta$BatAvg) + scale(dta$hr)
BBOLS.std.res   = lm(scale(salary) ~ -1 + BatAvgPlusHr,
                data = dta)
print(summary(BBOLS.std.res),digits=4)
## 
## Call:
## lm(formula = scale(salary) ~ -1 + BatAvgPlusHr, data = dta)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -1.9724 -0.4879 -0.1703  0.2368  7.7648 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## BatAvgPlusHr 0.312949   0.006415   48.78   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.86 on 6761 degrees of freedom
## Multiple R-squared:  0.2603, Adjusted R-squared:  0.2602 
## F-statistic:  2380 on 1 and 6761 DF,  p-value: < 2.2e-16
## (Not in text) Standardized plus a dummy variable for being a free agent
BBOLS2.std  = lm(scale(salary) ~ -1 + scale(BatAvg) + scale(hr) + free, data = dta)
print(summary(BBOLS2.std),digits=4)
## 
## Call:
## lm(formula = scale(salary) ~ -1 + scale(BatAvg) + scale(hr) + 
##     free, data = dta)
## 
## Residuals:
##     Min      1Q  Median      3Q     Max 
## -2.4043 -0.5583 -0.2606  0.0557  7.1839 
## 
## Coefficients:
##               Estimate Std. Error t value Pr(>|t|)    
## scale(BatAvg)  0.13481    0.01045   12.90   <2e-16 ***
## scale(hr)      0.46736    0.01047   44.64   <2e-16 ***
## free           0.32747    0.01547   21.17   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.811 on 6759 degrees of freedom
## Multiple R-squared:  0.343,  Adjusted R-squared:  0.3427 
## F-statistic:  1176 on 3 and 6759 DF,  p-value: < 2.2e-16
Sal_std     = (dta$salary - mean(dta$salary))/ sqrt(var(dta$salary))
#   Sal_std2    = scale(dta$salary)     # cor(cbind(Sal_std, Sal_std2))
BatAvg_std  = (dta$BatAvg- mean(dta$BatAvg))/ sqrt(var(dta$BatAvg))
HR_std  = (dta$hr - mean(dta$hr))/ sqrt(var(dta$hr))
BBOLS_std   = lm(Sal_std ~BatAvg_std + HR_std)
summary(BBOLS_std) 
## 
## Call:
## lm(formula = Sal_std ~ BatAvg_std + HR_std)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -2.468 -0.436 -0.138  0.198  7.469 
## 
## Coefficients:
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept) -3.02e-17   1.02e-02     0.0        1    
## BatAvg_std   1.42e-01   1.08e-02    13.2   <2e-16 ***
## HR_std       4.84e-01   1.08e-02    44.9   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.837 on 6759 degrees of freedom
## Multiple R-squared:  0.299,  Adjusted R-squared:  0.299 
## F-statistic: 1.44e+03 on 2 and 6759 DF,  p-value: <2e-16
(21-12.11)/ 10.31404
## [1] 0.862
Case study: Comparing the effects of heights measures
load(file = "Ch3_ChapterExample_HeightAndWages.RData")  
dta$Height81PlusHeight85    = dta$height81 + dta$height85
dta.full = dta[is.na(dta$height81)==0 & is.na(dta$height85)==0,]

HeightWageMultivarFtest = lm(wage96 ~ height85 + height81 + clubnum + athlets, data = dta.full)
summary(HeightWageMultivarFtest)
## 
## Call:
## lm(formula = wage96 ~ height85 + height81 + clubnum + athlets, 
##     data = dta.full)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -25.84  -6.68  -2.26   3.71  79.54 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)  -13.568      7.054   -1.92    0.055 .  
## height85       0.034      0.196    0.17    0.862    
## height81       0.348      0.191    1.82    0.068 .  
## clubnum        1.884      0.282    6.69  3.0e-11 ***
## athlets        3.018      0.563    5.36  9.3e-08 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 11.7 on 1846 degrees of freedom
##   (19 observations deleted due to missingness)
## Multiple R-squared:  0.0609, Adjusted R-squared:  0.0588 
## F-statistic: 29.9 on 4 and 1846 DF,  p-value: <2e-16
HeightWageNoHeightNull  = lm(wage96 ~ clubnum + athlets, data = dta.full)
summary(HeightWageNoHeightNull)
## 
## Call:
## lm(formula = wage96 ~ clubnum + athlets, data = dta.full)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -23.15  -6.83  -2.27   3.73  79.70 
## 
## Coefficients:
##             Estimate Std. Error t value Pr(>|t|)    
## (Intercept)   13.169      0.410   32.11  < 2e-16 ***
## clubnum        1.914      0.283    6.77  1.7e-11 ***
## athlets        3.282      0.561    5.85  5.8e-09 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 11.7 on 1848 degrees of freedom
##   (19 observations deleted due to missingness)
## Multiple R-squared:  0.053,  Adjusted R-squared:  0.0519 
## F-statistic: 51.7 on 2 and 1848 DF,  p-value: <2e-16
HeightWageSameHeightNull    = lm(wage96 ~ clubnum + athlets + Height81PlusHeight85, data = dta.full)
summary(HeightWageSameHeightNull)
## 
## Call:
## lm(formula = wage96 ~ clubnum + athlets + Height81PlusHeight85, 
##     data = dta.full)
## 
## Residuals:
##    Min     1Q Median     3Q    Max 
## -25.84  -6.74  -2.27   3.62  79.42 
## 
## Coefficients:
##                      Estimate Std. Error t value Pr(>|t|)    
## (Intercept)          -13.9081     7.0415   -1.98  0.04840 *  
## clubnum                1.8894     0.2817    6.71  2.6e-11 ***
## athlets                3.0335     0.5626    5.39  7.9e-08 ***
## Height81PlusHeight85   0.1930     0.0501    3.85  0.00012 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 11.7 on 1847 degrees of freedom
##   (19 observations deleted due to missingness)
## Multiple R-squared:  0.0605, Adjusted R-squared:  0.059 
## F-statistic: 39.6 on 3 and 1847 DF,  p-value: <2e-16
library(apsrtable)
apsrtable(HeightWageMultivarFtest, HeightWageNoHeightNull, HeightWageSameHeightNull, 
          model.names= c("Unrestricted", "Restricted 1", "Restricted 2"),
          coef.names=c("Constant", "Adult height", "Adolescent height", "Number of clubs", "Athletics", "Adult height plus adolescent height"), 
          digits=5) # Displays a table in Latex form
## \begin{table}[!ht]
## \caption{}
## \label{} 
## \begin{tabular}{ l D{.}{.}{5}D{.}{.}{5}D{.}{.}{5} } 
## \hline 
##   & \multicolumn{ 1 }{ c }{ Unrestricted } & \multicolumn{ 1 }{ c }{ Restricted 1 } & \multicolumn{ 1 }{ c }{ Restricted 2 } \\ \hline
##  %                                   & Unrestricted & Restricted 1 & Restricted 2\\ 
## Constant                            & -13.56828    & 13.16901 ^*  & -13.90813 ^*\\ 
##                                     & (7.05359)    & (0.41012)    & (7.04146)   \\ 
## Adult height                        & 0.03402      &              &             \\ 
##                                     & (0.19547)    &              &             \\ 
## Adolescent height                   & 0.34809      &              &             \\ 
##                                     & (0.19093)    &              &             \\ 
## Number of clubs                     & 1.88424 ^*   & 1.91358 ^*   & 1.88938 ^*  \\ 
##                                     & (0.28181)    & (0.28270)    & (0.28172)   \\ 
## Athletics                           & 3.01768 ^*   & 3.28209 ^*   & 3.03351 ^*  \\ 
##                                     & (0.56293)    & (0.56095)    & (0.56258)   \\ 
## Adult height plus adolescent height &              &              & 0.19303 ^*  \\ 
##                                     &              &              & (0.05011)    \\
##  $N$                                 & 1851         & 1851         & 1851        \\ 
## $R^2$                               & 0.06086      & 0.05295      & 0.06050     \\ 
## adj. $R^2$                          & 0.05882      & 0.05193      & 0.05897     \\ 
## Resid. sd                           & 11.70667     & 11.74949     & 11.70575     \\ \hline
##  \multicolumn{4}{l}{\footnotesize{Standard errors in parentheses}}\\
## \multicolumn{4}{l}{\footnotesize{$^*$ indicates significance at $p< 0.05 $}} 
## \end{tabular} 
##  \end{table}

Table  – F-test

# F: Null:beta1=beta2=0
summary(HeightWageMultivarFtest)$df[2]
## [1] 1846
((summary(HeightWageMultivarFtest)$r.squared - summary(HeightWageNoHeightNull)$r.squared)/2) / ((1-summary(HeightWageMultivarFtest)$r.squared)/summary(HeightWageMultivarFtest)$df[2])
## [1] 7.77
Unrestricted    = HeightWageMultivarFtest
Restricted1     = HeightWageNoHeightNull
Fstat = ((summary(Unrestricted)$r.squared - summary(Restricted1)$r.squared)/2) / ((1-summary(Unrestricted)$r.squared)/summary(Unrestricted)$df[2])
## Critical value: qf(.95, df1=2, df2=1846) 
## use this approx in text: ((0.0608 - 0.0530)/2) / ((1-0.0608)/1846)

#library(Rcpp) 
#library(SparseM)
library(car)
## Easiest approach is to break down coefficient into separate rows.
linearHypothesis(HeightWageMultivarFtest, 
                 hypothesis.matrix = rbind(c(0, 1, 0, 0, 0), c(0, 0, 1, 0, 0)), rhs=c(0, 0))
## Linear hypothesis test
## 
## Hypothesis:
## height85 = 0
## height81 = 0
## 
## Model 1: restricted model
## Model 2: wage96 ~ height85 + height81 + clubnum + athlets
## 
##   Res.Df    RSS Df Sum of Sq    F  Pr(>F)    
## 1   1848 255117                              
## 2   1846 252987  2      2130 7.77 0.00044 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
Restricted2     = HeightWageSameHeightNull
Fstat2 = ((summary(Unrestricted)$r.squared - summary(Restricted2)$r.squared)/1) / ((1-summary(Unrestricted)$r.squared)/summary(Unrestricted)$df[2])
## Critical value: qf(.95, df1=1, df2=1846)
## use this approx in text: ((0.0608 - 0.0605)/1) / ((1-0.0608)/1846)

## T-test for hypothesis that coefficient 5 = 0
linearHypothesis(HeightWageMultivarFtest, hypothesis.matrix = c(0, 0, 0, 0, 1), rhs=0.0)
## Linear hypothesis test
## 
## Hypothesis:
## athlets = 0
## 
## Model 1: restricted model
## Model 2: wage96 ~ height85 + height81 + clubnum + athlets
## 
##   Res.Df    RSS Df Sum of Sq    F  Pr(>F)    
## 1   1847 256925                              
## 2   1846 252987  1      3938 28.7 9.3e-08 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## T-test for hypothesis that coefficient 5 = 3
linearHypothesis(HeightWageMultivarFtest, hypothesis.matrix = c(0, 0, 0, 0, 1), rhs=3.0)
## Linear hypothesis test
## 
## Hypothesis:
## athlets = 3
## 
## Model 1: restricted model
## Model 2: wage96 ~ height85 + height81 + clubnum + athlets
## 
##   Res.Df    RSS Df Sum of Sq  F Pr(>F)
## 1   1847 252987                       
## 2   1846 252987  1     0.135  0   0.97
## T-test for hypothesis that coefficient 2 = coefficient 3
linearHypothesis(HeightWageMultivarFtest, hypothesis.matrix = c(0, 1, -1, 0, 0), rhs=0.0)
## Linear hypothesis test
## 
## Hypothesis:
## height85 - height81 = 0
## 
## Model 1: restricted model
## Model 2: wage96 ~ height85 + height81 + clubnum + athlets
## 
##   Res.Df    RSS Df Sum of Sq    F Pr(>F)
## 1   1847 253084                         
## 2   1846 252987  1      97.1 0.71    0.4
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