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1. I imported the data in r and then filled in the crude mortality column.  
[image: ]           

2. Using Gompetz law 
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3. Checking smoothness by applying third differences to the crude and graduated rates. The values are very low compared to the original values and they progress regularly , the data is smooth.
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4. Chi-squared test to check goodness of fit between DEATHS and EXPECTED.
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5. A) standard deviation test 
[image: ]
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.






b) sign test 
[image: ]
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.

c) cumulative deviation test 
[image: ]

at 5% significance level, we accept the NULL hypothesis that the data is a true representation of the underlying mortality rates.
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> #5b)Sign test

> sign_test=sign(smr_data$zx)
> table(sign_test)

sign_test

20 31

> dbinom(31,51,0.5)

[1] 0.03443253
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#5c)Cumulative deviations test
cd_observed=sum(smr_data$DEATHS)
cd_expected=sum(smr_data$EXPECTED)
z=(cd_observed-cd_expected) /cd_expected
pnorm(-z)
1] 0.4697664
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> str(smr_data)

‘data.frame’: 51 obs. of 7 variables:

$ i..AGE : int 25 26 27 28 29 30 31 32 33 34 ...

$ ETR : int 78500 80425 81975 83725 84875 85075 85275 86250 87250
88300 ...

$ DEATHS : int 24 24 24 24 72 48 120 24 72 72 ...

$ CRUDE : num 0.000306 0.000298 0.000293 0.000287 0.000848 ...

$ GRADUATED: num 0.000238 0.000265 0.000294 0.000327 0.000364 ...
$ EXPECTED : num 18.7 21.3 24.1 27.4 30.9 ...
$ zx : num 1.231 0.5887 -0.0259 -0.6506 7.3942 ...

> # crude rates

> smr_data$CRUDE = smr_data$DEATHS/smr_data$ETR

> View(smr_data)
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> # gompetz law
> ml = Tm(log(CRUDE)~i ..AGE, data= smr_data)
> summary (ml)

call:
Im(formula = Tog(CRUDE) ~ i..AGE, data = smr_data)
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 ***
i..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
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Pearson's Chi-squared test

data: test_data
X-squared = 905.26, df = 50, p-value < 2.2e-16
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