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Q1. Read in the data file as a data table & fill in the entries for the CRUDE column in your table.
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Q2. Use Gompertz law to fill entries in the GRADUATED column in the data.
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Q3. Check for smoothness by applying the third differences to the crude and graduated rates and comment on your results.[image: ]
## We can see that from the table that the third differences of the 
## crude rates are much larger in magnitude (max = 19024) and progress is peculiar 
## This is to be expected, since they are calculated directly from the deaths, 
## which contain a significant random element.
## The third differences of the graduated rates are all very small (max = 40) and progress regularly.
## This is to be expected, since they have been smoothed using a simple
## parametric formula with just two parameters.






Q4. Calculate the values in EXPECTED and ZX values in the table. Hence, perform a chi-squared test to check goodness of fit between DEATHS and EXPECTED. You should specify the degrees of freedom used.
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Q5. a. Perform the standardized deviations test on the individual deviations, and comment on the: i. Overall shape 
ii. Absolute deviations 
iii. Outliers 
iv. Symmetry 
v. Final conclusion about Null hypothesis 
b. Perform the Signs test and give your conclusion.
[bookmark: _GoBack]c. Perform the Cumulative deviations test for the entire age range and give your conclusion.
d. Perform the Serial correlations test and give your conclusion.
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## Since it's a two tailed test, at 5% significance level, 
## We accept the NULL hypothesis that the data_grad is a true representation of the underlying mortality rates.
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##Entries for Expected and ZX column
data_gradSEXPECTED<-round (data_gradSGRADUATED*data_gradSETR, 2!

data_grad$ZX<-round ((data_gradSDEATHS-data_gradSEXPECTED) /sqrt (data_gradSEXPECTED),3
head(data_grad
AGE  ETR DEATHS CRUDE GRADUATED EXPECTED  2X

25 78500 24 0.0003057325 0.000238  18.68 1.231

26 80425 24 0.0002984147 0.000265  21.31 0.583

27 81975 24 0.0002927722 0.000294  24.10 ~0.020

28 83725 24 0.0002866527 0.000327  27.38 ~0.646

29 84875 72 0.0008483063 0.000364  30.89 7.397

30 85075 48 0.0005642081 0.000405  34.46 2.307
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> chisg = data.frame(data_grad$DERTHS, data grad$EXPECTED)

> chisq

data grad.DEATHS data grad.EXPECTED
1 22 18.68
2 22 21.31
s 22 24.10
s 22 27.38
s 72 30.89
6 = 31.46
7 120 38.37
3 22 2321
5 72 48.60
10 72 54.66
11 21 62.15
12 e 70.86
13 21 81.30
12 168 93.43

15 120 105.16
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> chisq.test (chisq)
Pearson's Chi-squared test

data: chisq
X-squared = 905.22, df = 50, p-value < 2.2e-16
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> ## (a) Standardized deviations test
> liprary (plyr)

> plot (data_gradSAGE,data_gradSZX, type="b",xlal
> table (cut(data_gradSZX, breaks — seq.int (from

Individual standardised deviations”)

(0,41 (4,81  (8,12] (12,16]  (16,20]
12 11 s 3 0

(-20,-16] (-16,-12] (-12,-8]
0 1 2
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> ## (b)Sign test
> signs_test = sign(data_grads$zX)
> table(signs_test)

signs_test

a

20 31

> pbinom(31,51,0.5)

[1] 0.9520427
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> ## (c)Cumulative deviations test
> observed = sum(data_gradSDEATHS)
> expected = sum(data_gradSEXPECTED)
>

>

I

observed - expected)/sqrt (expected)
1] 18.83091




image14.png
> ## (d)Serial Correlations test
> z1 = data_gradS$ZX[1:length(data_grad$zX)-1]
> 22 = data_gradS$ZX[2:length (data_gradSzX)
>
>
[:

sctest = cor(zl, 22)
sctest
1] 0.1476081
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## Importin

data_grad <- read.csv(file.choose())
Vieu{data_grad)
head (data grad)
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>

head(data_grad)

aGE
25
26
27
28
29
30

ETR DEATES
78500 22
80425 22
81975 22
83725 21
82875 72
85075 =

CRUDE GRADUATED EXPECTED ZX

-0003057325
-0002984147
-0002927722
~0002866527
~0008483063
~0005642081

[
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## Read the data grad as data table
data_grad<-read.Table ("Graduation.csv”, header=T)
head(data_grad)

25,78500,24,0,0,0,0
26,80425,24,0,0,0,0
27,81975,24,0,0,0,0
28,83725,24,0,0,0,0
29,84875,72,0,0,0,0
30,85075, 48,0,0,0,0

## Removing commas (,) from the data table

data_grad<-read.table ("Graduation.csv”, se)

head(data_grad)
ETR DEATHS CRUDE GRADUATED EXPECTED ZX

AGE
25
26
27
26
29
30

78500
80425
81975
83725
82875
85075

22
22
22
22
72
=

[ [ ()
o o 0 0
o o 0 0
o o 0 0
o o 0 0
o o 0 o

## Entries for Crude column
data_grad$CRUDE <- data_grad$DEATHS/data_grad$ETR
head(data_grad)

AGE
25
26
27
26
29
30

ETR DEATES
78500 22
80425 22
81975 22
83725 22
82875 72
85075 8

CRUDE GRADUATED EXPECTED ZX
0.0003057325
0.0002984147
0.0002927722
0.0002866527
0.0008483063
0-0005642081





image5.png
> ## Gompertz law to £ill entries in the GRADUATED column
> gompercz_data_grad<-1m(log(data_grad$CRUDE) ~data_gradSAGE:
> gompercz_data_grad

call:
Im(formula = log(data_grad§CRUDE) ~ data_grad$AGE)

Coefficients:
(Intercept) data gradSAGE
-11.0008 01063

>

v

## Calculating suitable values for the parameters

> coef (gompertz_data_grad)

(Intercept) data_gradSAGE

-11.0008645  0.1062076
>
> Beexp (as.numeric(coef (gompertz_data_grad))) [1
> C=exp (as.numeric(coef (gompertz_data_grad))) [2
> c(B,C
[1] 1.668727e-05 1.112153+00
>
> ## Entries for Graduated column
> data_grad$GRADUATED<-round (8*C"data_gradSAGE, 6!
> head({data_grad)

AGE  ETR DEATHS CRUDE GRADUATED EXPECTED ZX
1 25 78500 24 0.0003057325 0.000238 0o
2 26 80425 24 0.0002984147 0.000265 oo
3 27 81975 24 0.0002927722 0.000294 oo
4 28 83725 24 0.0002866527 0.000327 oo
S5 20 84875 72 0.0008483063 0.000364 oo
6 30 85075 48 0.0005642081 0.000405 oo
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## Checking for smoothness by applying the third differences to the crude and graduated rates
Qifflc-function (x)x[-1]-x[-length (x) ]

asrs cruas
diff_gra

ound (d1££1 (d1E£1 (diff1 (data_gradSCRUDE) )) *10°6, 0.
Tound (di££1(dif£1(diff1 (data_gradSGRADUATED)))*10°6, 0!

AR

cbind(data_gradSAGE [data_grad$AGE<=72],diff_crude,diff_grad)
Qiff crude diff grad

.1 25 -2 2
12,1 26 s68 o
3.1 27 ~1414 o
4,1 28 1973 o
(5.1 29 -3099 2
[6.1 30 3648 =
7.1 31 -2233 1
8.1 32 17 2
9.1 33 1342 =
(10,1 3¢ -1322 2
(11,1 35 2241 1
(12,1 36 -3676 o
(13,1 37 3676 2
(14,1 38 -3183 2
(15,1 39 947 o
(16,1 40 1004 2
(17,1 41 -1142 s
(1e,] 42 3333 1
(19,1 43 -3124 il
[20,] 44 -1295 2




