Name: Dixit Jain
Roll No.: 437
library(plyr)
library(dplyr)
## 
## Attaching package: 'dplyr'
## The following objects are masked from 'package:plyr':
## 
##     arrange, count, desc, failwith, id, mutate, rename, summarise,
##     summarize
## The following objects are masked from 'package:stats':
## 
##     filter, lag
## The following objects are masked from 'package:base':
## 
##     intersect, setdiff, setequal, union
library(tidyverse)
## -- Attaching packages --------------------------------------- tidyverse 1.3.1 --
## v ggplot2 3.3.5     v purrr   0.3.4
## v tibble  3.1.1     v stringr 1.4.0
## v tidyr   1.1.3     v forcats 0.5.1
## v readr   1.4.0
## -- Conflicts ------------------------------------------ tidyverse_conflicts() --
## x dplyr::arrange()   masks plyr::arrange()
## x purrr::compact()   masks plyr::compact()
## x dplyr::count()     masks plyr::count()
## x dplyr::failwith()  masks plyr::failwith()
## x dplyr::filter()    masks stats::filter()
## x dplyr::id()        masks plyr::id()
## x dplyr::lag()       masks stats::lag()
## x dplyr::mutate()    masks plyr::mutate()
## x dplyr::rename()    masks plyr::rename()
## x dplyr::summarise() masks plyr::summarise()
## x dplyr::summarize() masks plyr::summarize()
library(lmtest)
## Loading required package: zoo
## 
## Attaching package: 'zoo'
## The following objects are masked from 'package:base':
## 
##     as.Date, as.Date.numeric
library(data.table)
## 
## Attaching package: 'data.table'
## The following object is masked from 'package:purrr':
## 
##     transpose
## The following objects are masked from 'package:dplyr':
## 
##     between, first, last
library(nlme)
## 
## Attaching package: 'nlme'
## The following object is masked from 'package:dplyr':
## 
##     collapse
library(EnvStats)
## 
## Attaching package: 'EnvStats'
## The following objects are masked from 'package:stats':
## 
##     predict, predict.lm
## The following object is masked from 'package:base':
## 
##     print.default
#Load data
Graduationdata= read.csv(file.choose())
summary(Graduationdata)
##       AGE            ETR             DEATHS         CRUDE     GRADUATED
##  Min.   :25.0   Min.   : 78500   Min.   :  24   Min.   :0   Min.   :0  
##  1st Qu.:37.5   1st Qu.: 96988   1st Qu.:  96   1st Qu.:0   1st Qu.:0  
##  Median :50.0   Median :112725   Median : 408   Median :0   Median :0  
##  Mean   :50.0   Mean   :112215   Mean   :1300   Mean   :0   Mean   :0  
##  3rd Qu.:62.5   3rd Qu.:129475   3rd Qu.:1850   3rd Qu.:0   3rd Qu.:0  
##  Max.   :75.0   Max.   :136625   Max.   :6453   Max.   :0   Max.   :0  
##     EXPECTED       ZX   
##  Min.   :0   Min.   :0  
##  1st Qu.:0   1st Qu.:0  
##  Median :0   Median :0  
##  Mean   :0   Mean   :0  
##  3rd Qu.:0   3rd Qu.:0  
##  Max.   :0   Max.   :0
view(Graduationdata)

#1)Calculating the Crude death rates
Graduationdata$CRUDE=Graduationdata$DEATHS/Graduationdata$ETR

#2)Calculating Graduated rates
model1= lm(log(CRUDE)~AGE, data= Graduationdata)
summary(model1)
## 
## Call:
## lm(formula = log(CRUDE) ~ AGE, data = Graduationdata)
## 
## Residuals:
##      Min       1Q   Median       3Q      Max 
## -2.07946 -0.09831  0.08351  0.21582  1.13949 
## 
## Coefficients:
##               Estimate Std. Error t value Pr(>|t|)    
## (Intercept) -11.000864   0.256884  -42.82   <2e-16 ***
## AGE           0.106298   0.004929   21.57   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 0.5181 on 49 degrees of freedom
## Multiple R-squared:  0.9047, Adjusted R-squared:  0.9028 
## F-statistic: 465.2 on 1 and 49 DF,  p-value: < 2.2e-16
coefficient=as.numeric(coef(model1))
coefficient
## [1] -11.0008645   0.1062976
b=exp(coefficient[1])
c=exp(coefficient[2])
b
## [1] 1.668727e-05
c
## [1] 1.112153
Graduationdata$GRADUATED=b*c^Graduationdata$AGE

#3)Checking for smoothness
first_diff=diff(Graduationdata$GRADUATED)
second_diff=diff(first_diff)
third_diff=diff(second_diff)
third_diff
##  [1] 3.356818e-07 3.733294e-07 4.151994e-07 4.617651e-07 5.135534e-07
##  [6] 5.711499e-07 6.352059e-07 7.064461e-07 7.856760e-07 8.737918e-07
## [11] 9.717900e-07 1.080779e-06 1.201991e-06 1.336798e-06 1.486724e-06
## [16] 1.653464e-06 1.838905e-06 2.045143e-06 2.274512e-06 2.529605e-06
## [21] 2.813307e-06 3.128828e-06 3.479734e-06 3.869996e-06 4.304027e-06
## [26] 4.786736e-06 5.323582e-06 5.920637e-06 6.584653e-06 7.323141e-06
## [31] 8.144452e-06 9.057875e-06 1.007374e-05 1.120354e-05 1.246005e-05
## [36] 1.385748e-05 1.541163e-05 1.714009e-05 1.906240e-05 2.120030e-05
## [41] 2.357798e-05 2.622232e-05 2.916322e-05 3.243396e-05 3.607152e-05
## [46] 4.011704e-05 4.461628e-05 4.962013e-05
#the values are very low compared to the original values and they progress regularly
#the data is smooth

#4)Chi-Square test
Graduationdata$EXPECTED=Graduationdata$GRADUATED*Graduationdata$ETR
Graduationdata$ZX=(Graduationdata$DEATHS-Graduationdata$EXPECTED)/(sqrt(Graduationdata$EXPECTED))
chisq_data=data.frame(Graduationdata$DEATHS,Graduationdata$EXPECTED)
view(chisq_data)
chisq.test(chisq_data)
## 
##  Pearson's Chi-squared test
## 
## data:  chisq_data
## X-squared = 905.26, df = 50, p-value < 2.2e-16
#5a)Standardized deviations test
table(cut(Graduationdata$ZX, breaks = seq.int(from = -20,to = 20, by= 4)))
## 
## (-20,-16] (-16,-12]  (-12,-8]   (-8,-4]    (-4,0]     (0,4]     (4,8]    (8,12] 
##         0         1         2         6        11        12        11         5 
##   (12,16]   (16,20] 
##         3         0
#i. The graph is very wide compared to a standard normal graph, with several values higher than abs(10)
#ii. the Values of the absolute deviations are very high relative to the expected value
#iii. The lower bound is approx. -2 and the upper bound is approx. 6. IQR is 8. There are some outliers on the lower side but none on the upper side
#iv. The Graph is positively skewed. It looks like it is centered about 2
#v. The graduated rates do not represent the underlying mortality rates with accuracy

#5b)Sign test
sign_test=sign(Graduationdata$ZX)
table(sign_test)
## sign_test
## -1  1 
## 20 31
dbinom(31,51,0.5)
## [1] 0.03443253
#since it's a two tailed test, at 5% significance level, we accept the NULL hypothesis that the data is a true representation of the underlying mortality rates.

#5c)Cumulative deviations test
total_observed=sum(Graduationdata$DEATHS)
total_expected=sum(Graduationdata$EXPECTED)
z=(total_observed-total_expected)/total_expected
pnorm(-z)
## [1] 0.4697664
#at 5% significance level, we accept the NULL hypothesis that the data is a true representation of the underlying mortality rates.

#5d)Serial Correlations test
serialCorrelationTest(Graduationdata$ZX)
## 
##  Rank von Neumann Test for Lag-1 Autocorrelation (Beta Approximation)
## 
## data:  Graduationdata$ZX
## RVN = 1.8355, p-value = 0.5563
## alternative hypothesis: true rho is not equal to 0
## sample estimates:
##       rho 
## 0.1477139
#at 5% significance level, we accept the NULL hypothesis that the data is a true representation of the underlying mortality rates.
