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lifeexp_femlit_water_2011.csv
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gapm_original <- read_csv(here::here("data", "lifeexp_femlit_water_2011.csv"))1

glimpse(gapm_original)1
Rows: 194
Columns: 5
$ country                    <chr> "Afghanistan", "Albania", "Algeria", "Andor…
$ life_expectancy_years_2011 <dbl> 56.7, 76.7, 76.7, 82.6, 60.9, 76.9, 76.0, 7…
$ female_literacy_rate_2011  <dbl> 13.0, 95.7, NA, NA, 58.6, 99.4, 97.9, 99.5,…
$ water_basic_source_2011    <dbl> 52.6, 88.1, 92.6, 100.0, 40.3, 97.0, 99.5, …
$ water_2011_quart           <chr> "Q1", "Q2", "Q2", "Q4", "Q1", "Q3", "Q4", "…

gapm_original %>% select(life_expectancy_years_2011, female_literacy_rate_2011) %>% 1
  get_summary_stats()2

# A tibble: 2 × 13
  variable        n   min   max median    q1    q3   iqr   mad  mean    sd    se
  <fct>       <dbl> <dbl> <dbl>  <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 life_expec…   187  47.5  82.9   72.7  64.3  76.9  12.6  9.04  70.7  8.44 0.617
2 female_lit…    80  13    99.8   91.6  71.0  98.0  27.0 11.4   81.7 22.0  2.45 
# ℹ 1 more variable: ci <dbl>
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gapm <- gapm_original %>% 1
  drop_na(life_expectancy_years_2011, female_literacy_rate_2011)2

3
glimpse(gapm)4

Rows: 80
Columns: 5
$ country                    <chr> "Afghanistan", "Albania", "Angola", "Antigu…
$ life_expectancy_years_2011 <dbl> 56.7, 76.7, 60.9, 76.9, 76.0, 73.8, 71.0, 7…
$ female_literacy_rate_2011  <dbl> 13.0, 95.7, 58.6, 99.4, 97.9, 99.5, 53.4, 9…
$ water_basic_source_2011    <dbl> 52.6, 88.1, 40.3, 97.0, 99.5, 97.8, 96.7, 9…
$ water_2011_quart           <chr> "Q1", "Q2", "Q1", "Q3", "Q4", "Q3", "Q3", "…

gapm %>% select(life_expectancy_years_2011, female_literacy_rate_2011) %>% 1
  get_summary_stats()2

# A tibble: 2 × 13
  variable        n   min   max median    q1    q3   iqr   mad  mean    sd    se
  <fct>       <dbl> <dbl> <dbl>  <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 life_expec…    80    48  81.8   72.4  65.9  75.8  9.95  6.30  69.9  7.95 0.889
2 female_lit…    80    13  99.8   91.6  71.0  98.0 27.0  11.4   81.7 22.0  2.45 
# ℹ 1 more variable: ci <dbl>
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lm() summary() tidy()
model1 <- lm(life_expectancy_years_2011 ~ female_literacy_rate_2011,1
                 data = gapm)2
summary(model1)3

Call:
lm(formula = life_expectancy_years_2011 ~ female_literacy_rate_2011, 
    data = gapm)

Residuals:
    Min      1Q  Median      3Q     Max 
-22.299  -2.670   1.145   4.114   9.498 

Coefficients:
                          Estimate Std. Error t value Pr(>|t|)    
(Intercept)               50.92790    2.66041  19.143  < 2e-16 ***
female_literacy_rate_2011  0.23220    0.03148   7.377  1.5e-10 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 6.142 on 78 degrees of freedom
Multiple R-squared:  0.4109,    Adjusted R-squared:  0.4034 
F-statistic: 54.41 on 1 and 78 DF,  p-value: 1.501e-10

tidy(model1) %>% gt()1
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augment()
broom

model1 <- lm(life_expectancy_years_2011 ~ female_literacy_rate_2011, 1
                data = gapm)2
aug1 <- augment(model1) 3

4
glimpse(aug1)5

Rows: 80
Columns: 8
$ life_expectancy_years_2011 <dbl> 56.7, 76.7, 60.9, 76.9, 76.0, 73.8, 71.0, 7…
$ female_literacy_rate_2011  <dbl> 13.0, 95.7, 58.6, 99.4, 97.9, 99.5, 53.4, 9…
$ .fitted                    <dbl> 53.94643, 73.14897, 64.53453, 74.00809, 73.…
$ .resid                     <dbl> 2.7535654, 3.5510294, -3.6345319, 2.8919074…
$ .hat                       <dbl> 0.13628996, 0.01768176, 0.02645854, 0.02077…
$ .sigma                     <dbl> 6.172684, 6.168414, 6.167643, 6.172935, 6.1…
$ .cooksd                    <dbl> 1.835891e-02, 3.062372e-03, 4.887448e-03, 2…
$ .std.resid                 <dbl> 0.48238134, 0.58332052, -0.59972251, 0.4757…
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grid.arrange() gridExtra
hist1 <- ggplot(aug1, aes(x = .resid)) +1
  geom_histogram()2

3
density1 <- ggplot(aug1, aes(x = .resid)) +4
  geom_density()5

6
box1 <- ggplot(aug1, aes(x = .resid)) +7
  geom_boxplot()8

9
library(gridExtra) # NEW!!!10
grid.arrange(hist1, density1, box1, nrow = 1)11
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model1

ggplot(aug1, aes(sample = .resid)) + 1
  stat_qq() +     # points2
  stat_qq_line()  # line3
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stat_qq_line()

samplesize <- 1001
2

rand_qq1 <- ggplot() +3
  stat_qq(aes(sample = rnorm(samplesize))) + 4
  # line y=x5
  geom_abline(intercept = 0, slope = 1, 6
              color = "blue") 7

8
rand_qq2 <- ggplot() +9
  stat_qq(aes(sample = rnorm(samplesize))) + 10
  geom_abline(intercept = 0, slope = 1, 11
              color = "blue")12

13
rand_qq3 <- ggplot() +14
  stat_qq(aes(sample = rnorm(samplesize))) + 15
  geom_abline(intercept = 0, slope = 1, 16
              color = "blue")17

18
rand_qq4 <- ggplot() +19
  stat_qq(aes(sample = rnorm(samplesize))) + 20
  geom_abline(intercept = 0, slope = 1, 21
              color = "blue")22

grid.arrange(rand_qq1, rand_qq2, 1
             rand_qq3, rand_qq4, ncol =2)2
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samplesize <- 10  # only change made to code!1
2

rand_qq1 <- ggplot() +3
  stat_qq(aes(sample = rnorm(samplesize))) + 4
  # line y=x5
  geom_abline(intercept = 0, slope = 1, 6
              color = "blue") 7

8
rand_qq2 <- ggplot() +9
  stat_qq(aes(sample = rnorm(samplesize))) + 10
  geom_abline(intercept = 0, slope = 1, 11
              color = "blue")12

13
rand_qq3 <- ggplot() +14
  stat_qq(aes(sample = rnorm(samplesize))) + 15
  geom_abline(intercept = 0, slope = 1, 16
              color = "blue")17

18
rand_qq4 <- ggplot() +19
  stat_qq(aes(sample = rnorm(samplesize))) + 20
  geom_abline(intercept = 0, slope = 1, 21
              color = "blue")22

grid.arrange(rand_qq1, rand_qq2, 1
             rand_qq3, rand_qq4, ncol =2)2
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samplesize <- 1000 # only change made to code!1
2

rand_qq1 <- ggplot() +3
  stat_qq(aes(sample = rnorm(samplesize))) + 4
  # line y=x5
  geom_abline(intercept = 0, slope = 1, 6
              color = "blue") 7

8
rand_qq2 <- ggplot() +9
  stat_qq(aes(sample = rnorm(samplesize))) + 10
  geom_abline(intercept = 0, slope = 1, 11
              color = "blue")12

13
rand_qq3 <- ggplot() +14
  stat_qq(aes(sample = rnorm(samplesize))) + 15
  geom_abline(intercept = 0, slope = 1, 16
              color = "blue")17

18
rand_qq4 <- ggplot() +19
  stat_qq(aes(sample = rnorm(samplesize))) + 20
  geom_abline(intercept = 0, slope = 1, 21
              color = "blue")22

grid.arrange(rand_qq1, rand_qq2, 1
             rand_qq3, rand_qq4, ncol =2)2
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ggplot(aug1, 1
      aes(sample = .resid)) + 2
  stat_qq() + 3
  stat_qq_line() 4

# number of observations 1
# in fitted model2
nobs(model1) 3

[1] 80

ggplot() +1
  stat_qq(aes(2
    sample = rnorm(80))) + 3
  geom_abline(4
    intercept = 0, slope = 1, 5
    color = "blue")6



31



33



names(aug1)1
[1] "life_expectancy_years_2011" 
"female_literacy_rate_2011" 
[3] ".fitted"                    ".resid"                   
[5] ".hat"                       ".sigma"                   
[7] ".cooksd"                    ".std.resid"               

ggplot(aug1, 1
       aes(x = female_literacy_rate_2011, 2
           y = .resid)) + 3
  geom_point() +4
  geom_abline(5
    intercept = 0, 6
    slope = 0, 7
    color = "orange") +8
  labs(title = "Residual plot")9
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glance() broom
glance(model1)1

# A tibble: 1 × 12
  r.squared adj.r.squared sigma statistic  p.value    df logLik   AIC   BIC
      <dbl>         <dbl> <dbl>     <dbl>    <dbl> <dbl>  <dbl> <dbl> <dbl>
1     0.411         0.403  6.14      54.4 1.50e-10     1  -258.  521.  529.
# ℹ 3 more variables: deviance <dbl>, df.residual <int>, nobs <int>

glance(model1)$r.squared1
[1] 0.4109366
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summary()
summary(model1)1

Call:
lm(formula = life_expectancy_years_2011 ~ female_literacy_rate_2011, 
    data = gapm)

Residuals:
    Min      1Q  Median      3Q     Max 
-22.299  -2.670   1.145   4.114   9.498 

Coefficients:
                          Estimate Std. Error t value Pr(>|t|)    
(Intercept)               50.92790    2.66041  19.143  < 2e-16 ***
female_literacy_rate_2011  0.23220    0.03148   7.377  1.5e-10 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 6.142 on 78 degrees of freedom
Multiple R-squared:  0.4109,    Adjusted R-squared:  0.4034 
F-statistic: 54.41 on 1 and 78 DF,  p-value: 1.501e-10

r <- cor(x = gapm$life_expectancy_years_2011, 1
    y = gapm$female_literacy_rate_2011,2
    use =  "complete.obs")3
r4

[1] 0.6410434

r^21
[1] 0.4109366
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# Fit regression model:1
model1 <- lm(life_expectancy_years_2011 ~ female_literacy_rate_2011,2
                 data = gapm)3
# Get regression table:4
tidy(model1, conf.int = TRUE) %>% gt() # conf.int = TRUE part is new! 5
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tidy(model1, conf.int = TRUE)1
# A tibble: 2 × 7
  term                  estimate std.error statistic  p.value conf.low conf.high
  <chr>                    <dbl>     <dbl>     <dbl>    <dbl>    <dbl>     <dbl>
1 (Intercept)             50.9      2.66       19.1  3.33e-31   45.6      56.2  
2 female_literacy_rate…    0.232    0.0315      7.38 1.50e-10    0.170     0.295

45



glance(model1)1
# A tibble: 1 × 12
  r.squared adj.r.squared sigma statistic  p.value    df logLik   AIC   BIC
      <dbl>         <dbl> <dbl>     <dbl>    <dbl> <dbl>  <dbl> <dbl> <dbl>
1     0.411         0.403  6.14      54.4 1.50e-10     1  -258.  521.  529.
# ℹ 3 more variables: deviance <dbl>, df.residual <int>, nobs <int>

# standard deviation of the residuals (Residual standard error in summary() output)1
(s_resid <- glance(model1)$sigma)2

[1] 6.142157

# standard deviation of x's1
(s_x <- sd(gapm$female_literacy_rate_2011))2

[1] 21.95371

# number of pairs of complete observations1
(n <- nobs(model1))2

[1] 80

(se_b1 <- s_resid/(s_x * sqrt(n-1))) # compare to SE in regression output1
[1] 0.03147744
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tidy(model1, conf.int = TRUE) %>% gt()1

model1_b1 <-tidy(model1) %>% filter(term == "female_literacy_rate_2011")1
model1_b1 %>% gt()2

b1 <- model1_b1$estimate1
SE_b1 <- model1_b1$std.error2

nobs(model1) # sample size n1
[1] 80

(tstar <- qt(.975, df = 80-2))1
[1] 1.990847

(CI_LB <- b1 - tstar*SE_b1)1
[1] 0.1695284

(CI_UB <- b1 + tstar*SE_b1)1
[1] 0.2948619
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tidy(model1, conf.int = TRUE) %>% gt()1

# recall model1_b1 is regression table restricted to b1 row1
(TestStat <- model1_b1$estimate / model1_b1$std.error)2

[1] 7.376557
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(pv = 2*pt(TestStat, df=80-2, lower.tail=F))1
[1] 1.501286e-10

tidy(model1, conf.int = TRUE) %>% gt()  # compare p-value calculated above to p-value in ta1
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(y_60 <- 50.9 + 0.232*60)1
[1] 64.82
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qt()
54



(Y60 <- 50.9278981 + 0.2321951 * 60)1

[1] 64.8596

(tstar <- qt(.975, df = 78))1

[1] 1.990847

(s_resid <- glance(model1)$sigma)1

[1] 6.142157

(n <- nobs(model1))1

[1] 80

(mx <- mean(gapm$female_literacy_rate_2011))1

[1] 81.65375

(s_x <- sd(gapm$female_literacy_rate_2011))1

[1] 21.95371

(SE_Yx <- s_resid *sqrt(1/n + (60 - mx)^2/((n-1)*s_x^2)))1

[1] 0.9675541

(MOE_Yx <- SE_Yx*tstar)1

[1] 1.926252

Y60 - MOE_Yx1

[1] 62.93335

Y60 + MOE_Yx1

[1] 66.78586
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predict()
newdata

newdata

newdata <- data.frame(female_literacy_rate_2011 = c(40, 60, 80)) 1
newdata2

  female_literacy_rate_2011
1                        40
2                        60
3                        80

predict(model1, 1
        newdata=newdata, 2
        interval="confidence")3

       fit      lwr      upr
1 60.21570 57.26905 63.16236
2 64.85961 62.93335 66.78586
3 69.50351 68.13244 70.87457
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se = TRUE
geom_smooth

ggplot(gapm,1
       aes(x=female_literacy_rate_2011, 2
           y=life_expectancy_years_2011)) +3
  geom_point()+4
  geom_smooth(method = lm, se=TRUE)+5
  ggtitle("Life expectancy vs. female literacy rate") 6
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(Y60 <- 50.9278981 + 0.2321951 * 60)1

[1] 64.8596

(tstar <- qt(.975, df = 78))1

[1] 1.990847

(s_resid <- glance(model1)$sigma)1

[1] 6.142157

(n <- nobs(model1))1

[1] 80

(mx <- mean(gapm$female_literacy_rate_2011))1

[1] 81.65375

(s_x <- sd(gapm$female_literacy_rate_2011))1

[1] 21.95371

(SE_Ypred <- s_resid *sqrt(1 + 1/n + (60 - mx)^2/((n-1)*s_x^2)))1

[1] 6.217898

(MOE_Ypred <- SE_Ypred*tstar)1

[1] 12.37888

Y60 - MOE_Ypred1

[1] 52.48072

Y60 + MOE_Ypred1

[1] 77.23849
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newdata  # previously defined for CI's1
  female_literacy_rate_2011
1                        40
2                        60
3                        80

predict(model1, 1
        newdata=newdata, 2
        interval="prediction")  # prediction instead of "confidence"3

       fit      lwr      upr
1 60.21570 47.63758 72.79382
2 64.85961 52.48072 77.23849
3 69.50351 57.19879 81.80823
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augment() broom

model1_pred_bands <- augment(model1, interval = "prediction")1
2

# take a look at new object:3
names(model1_pred_bands) 4

 [1] "life_expectancy_years_2011" "female_literacy_rate_2011" 
 [3] ".fitted"                    ".lower"                    
 [5] ".upper"                     ".resid"                    
 [7] ".hat"                       ".sigma"                    
 [9] ".cooksd"                    ".std.resid"                

# glimpse of select variables of interest:1
model1_pred_bands %>% 2
  select(life_expectancy_years_2011, female_literacy_rate_2011, 3
         .fitted:.upper) %>% 4
  glimpse()5

Rows: 80
Columns: 5
$ life_expectancy_years_2011 <dbl> 56.7, 76.7, 60.9, 76.9, 76.0, 73.8, 71.0, 7…
$ female_literacy_rate_2011  <dbl> 13.0, 95.7, 58.6, 99.4, 97.9, 99.5, 53.4, 9…
$ .fitted                    <dbl> 53.94643, 73.14897, 64.53453, 74.00809, 73.…
$ .lower                     <dbl> 40.91166, 60.81324, 52.14572, 61.65365, 61.…
$ .upper                     <dbl> 66.98121, 85.48470, 76.92334, 86.36253, 86.…
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names(model1_pred_bands) 1
 [1] "life_expectancy_years_2011" "female_literacy_rate_2011" 
 [3] ".fitted"                    ".lower"                    
 [5] ".upper"                     ".resid"                    
 [7] ".hat"                       ".sigma"                    
 [9] ".cooksd"                    ".std.resid"                

ggplot(model1_pred_bands, 1
       aes(x=female_literacy_rate_2011, y=life_expectancy_years_2011)) +2
  geom_point() +3
  geom_ribbon(aes(ymin = .lower, ymax = .upper), # prediction bands4
              alpha = 0.2, fill = "red") +5
  geom_smooth(method=lm) +  # confidence bands6
  labs(title = "SLR with Confidence & Prediction Bands") 7
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