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Summary:
This entire project has been carried out on R programming using various codes and outputs.
We have been provided with a data file Graduation.csv, which includes the following columns:
 AGE- Age x
 ETR- Central exposed to risk for age x last birthday
 DEATHS- Number of deaths recorded at age x last birthday
 CRUDE- Crude mortality rate for age x last birthday 
GRADUATED- Graduated mortality rate for age x last birthday 
EXPECTED- Expected number of deaths at age x last birthday based on the graduated rates Individual 
ZX- standardised deviation for age x

Some columns are filled with the value 0 and hence have to be filled using different formulas and codes.
Various tests have been performed in order to check whether we had to accept or reject the individual deviations.



Process:
· Importing data.
· Filling in the entries for CRUDE column.
· Gompertz law to fill entries in GRADUATED column.
· Checking for smoothness.
· Filling values in EXPECTED AND ZX columns.
· Chi-square test.
· Signs test.
· Cumulative deviations test.
· Serial Correlation test.


Steps:

1) The “graduation” csv file was imported in R programming. And it was saved in “grad”.
[image: ][image: ]

From the above output, we see that there are 7 columns namely AGE, ETR, DEATHS, CRUDE, GRADUATED, EXPECTED and ZX. AGE ranges from 25 years to 75 years.
And the columns CRUDE, GRADUATED, EXPECTED AND ZX are 0 and hence have to be filled in.

[image: ]
CRUDE column is filled by dividing DEATHS/ ETR. 


2)
Gompertz law- The Gompertz law states that the human death rate is the sum of an age-dependent component, which increases exponentially with age and an age-independent component. It was named after Benjamin Gompertz.
For fitting the gompertz law, lm function is used to find the relationship between log of CRUDE and AGE.


[image: ]
From this output, coefficients are extracted, 
Formula for gompertz law is,
B*C^y variable.
Hence, we find the values for B and C which are the 2 coefficients of our output.
Taking our y variable as AGE, GRADUATED column is being filled with these values.

[image: ]



3)
Checking the smoothness:
Applying the third differences to the crude and graduated rates.
[image: ]

We see that there isn’t a steady increase or decrease in the differences.
It has both positive and negative values.


4)

EXPECTED and ZX columns have been filled.
EXPECTED = ETR*GRADUATED.
ZX = (DEATHS-EXPECTED)/sqrt(EXPECTED)


[image: ]


Chi square test- It tells you if your sample data represents the data you would expect to find in the actual population. 
So a chi-square test has been carried out between DEATHS and EXPECTED.
Since the p value is greater than 0.05, we assume that the data is a good fit.


5) b)
m=51
The signs test is a simple test for overall bias. In other words, this test checks whether the graduated rates are too high or too low.
Define the test statistic: P = Number of x z that are positive
Under the hypothesis, P Binomial  ~ (m ,½).

[image: ]

Carrying out a signs test,
Since p value is greater than 0.05, we do not reject the null hypothesis.


c) Cumulative deviations test
The cumulative deviations test detects overall bias or long runs of deviations of the same sign. 

[image: ]

d) Serial correlation test
A final test, detecting grouping of signs of deviations, is the serial correlations test.
rj ~N(0,1/ m) , under the null hypothesis.
[image: ]

We do not reject the null hypothesis, since 1.055142 lies between -1 and 1.




  THANKYOU.
image6.PNG
> diFf (gradSCRUDE . differences = 3)

[1] 2152296005 5.652500e-04 1413525003 1.972854e-03 3. 099057e-03 3.6478600-03
[13] 3.675716e 03 —3.152737e 03 94696150 04 1.00401% 03 1142320803 3. 352738603
[25] 4447315003 2.5683700.03 1433042003 —5.206203% 03 9. 025586e03 4153185003
[37] 1242095 02 145976302 17650572 02 1.556289 02 9.139147003 2.6725708-0%
> GHFF gradSRADUATED. difFerences=3) e

[ 3. 356b15e 07 3. 733289 07 1. 1519800 07 1.T045e-07 5. 1355278-07 5. 74910 07 6. 35205ke 07 7 06H4SLe-07 7-857me-07 8. 75To0SE-07 9. 7Lty 1. G8urTTe 05 1. 200908 06
341 1336796 06 11 ue72ze 06 116534626 06 1834500 0 2 04S1ADe-08 2274308 06 2! S2Scoia 0 2.815302e 06 3L 1amazze 0 3. 4797zbe-0G 3.869990e 06 4 3040coe 00 1. aTzbe 06
[27] 5323573 06 5.5206266 06 6.584641 05 7.323127e-06 3.1444366.05 5. 0S78578 05 1.0073728-05 1.1203528 05 1.2460026 05 1.385745e-05 1. 541160805 1.714006e05 1.1
[40] 211200260 05 2. 3577936 05 2.6222260-05 2.9163160-05 3. 243389005 3.607L44e-05 401169505 4. 461618605 4.9620010-05





image7.PNG
> gradSEXPECTED <- gradSETR* gradSRADUATED

3 gragserecren

] 15,6755 L2895 2412721 27.40595 0982 3444459 .N7L  43.19235 6597 SA.6974 621366  70.06758 L0785 9538507 10515283
[16] 11615415 129.31230 19715570 16553001 192.00371 217.62574 242.6914 269.05443 30224751 340.72071 38249746 434.92433 496.15334 560.23909 63410273
[1] 717.52058 507.42663 902.26639 1009.41452 1142.49653 1301.32522 1463.93629 1624. 47581 1515. 79645 2045. 73161 2283 52305 2529.36770 2805, 36390 3068.91725 3364, V08T
[46] 3674.85769 4075.96703 4575. 30749 5104, 08877 5636. 28301 6261.15005

3 gradszx < (gradsoeATHS-gradseIECTED) /5are gradsEECTED)

S gragsax

1] 12510085  0.55872297 0.0209834 0.6SOO7EA  7.39422583 230965140 13.16390707 2.92020491 3.3STABCL  2.34009976 4.5305I91 2716416 5.38547304
[1s] 77208047 14470Rio4 1148639852 7.62320460 -0.26250627 -3.73B7964 -12.12450632 0.11020357 752957060 2.GIS17280 -10.48286287 9.35722402 253112294
[27] 129103500 466030652 5.50921356 10.20186745 7.6479S110 4.G60H0S37 127394342 5.42674057 204381674 508539037 196186405 026748067 —2.06013305
[40] 7.390966% 6.54002413 6.06651468 1.55990306  4.66160324 14.61310133 1242337115 2571240 7.0M3SAL  4.8977743 10.878654TS  2.42456950

>'chisa, test (gradsoe ATHS . gradseXpECTED)

Pearson’s chi-squared test

data: gradsoeAmss and gradsewecTED
Xsquared = 1734, dF = 1700, p-value = 0.277%





image8.PNG
> binom. test (31.51)
Exact binowial test

ita: 31 s
nusber of Successes = 31. nusber of trials = 51, p-value = 0.1608
STtermative hypothesis: frue probability of succecs 15 not eal fo 0.5
95 percent confidence nterva

samle estimates:

prabability of success





image9.PNG
> Cutu < (Gun(gradsEATHS) -5un(gradsEXPECTED)) /5rt (us(aradsEXpECTED))
123 25.83063




image10.PNG
> Z1X <- gradszx[1
S 22x < gradsaxta
3 cor < cor@ix.z20
[ 0.477495

> cortsart 1)

o 1.0s5e
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image3.PNG
> gradSCRiD:

gradSDﬂTHS/QradSETRJV

> gradscuoe

]
2]
21
enl
5]

00003057325 0.0002984147 0.0002527722 0.0002866527 0.0008483063 0. 000642081 00014072120 0.0002762609 0.0008252149 0. 0008154020 0. 0002660754
0.0005189189 0.0002515064 0.0017047134 0.0012027061 0.0024211854 0,0021774194 0.0014183699 0.0D114B0507 0.0002241420 0.0015793614 0,0032895246
00028604171 0.0010851763 0.0015043653 0.0038323353 0.0035401302 0. 0050750687 0.00SBAB7A1S 0.0072943103 0.0041254524 0,0053677932 0, 006381480
0.0065853659 0.0096018554 0.0120249104 0.0114850746 0.0149439043 0,0128595349 0.0176528926 0.0144263495 00208302719 0, 0212817680 0,0243199851
0.0320121604 0.0342658154 0.0303782735 00392312128 0,0418011113 0, 0438108838 00498686244




image4.PNG
> gomp <~ Im(10g(gradsCRUDE)~gradsace)
> gom

an:
TaCForma = Tog(gradscRune) ~ gradsac)
Coeticients:

Gntercept)  grassac

> summary(gorp)

an:
TaCForma = Tog(gradscRune) ~ gradsac)
Residiis:

win 10 wedian s wex

Coeticiants:
Estinate std. Error ¢ value ProITD)

Cntercepe) 11,0086  0.256884 —42.52  <ze-16 <+

gradsac | 0.106298 0.004529 2157 <2e-ts v

Signif. codes: 0 1o+’ 0.001 i+t 0.01 f+7 0.05 . 0.1 F 71
Residia] standard error: 0.5151 o 49 degrees of fresdom
Wiitiple Rsquared: 0.9047.  Adjisted Rsquared: 0.9025
FLStatistics 4652 on 4 and 49 OF.  pvalue: < 2.26-16




image5.PNG
> coef (gomp)
Gntercept)  gradsaee
58 < ex(-11.0008845)
111 1.e687270-05
> Ceerp (0. 2052976
[ApRreE
3 gradsquousten <- 8 (charadsace)
> gradsceanuated
[1] 0.0002579551 0.0002646435 0.0002943240 0.0003273333 0. 003640445 0. 0004045733 0. 000450250 0. 000SO07E12 0. 000SSGS452 0. 000154082 . 000SSBE76S 0. 0007ESL60 0. 0008520603
[14] 0.0003476212 0.0010538995 0.0011720574 0. 0013035514 0.0014497453 0. 0016123417 0. 0017931703 0. 001942794 0.0022179434 0. 0024666920 00027433384 0.0030S10115 0.0033931910
[27] 0.0037737469 0.0041965832 0. 0D4G676365 0. 00SIS11806 0.0057733862 0. 0064208877 0. 007410083 00079415924 0.003325979 0. 0098231985 0. 0109248977 0. 0121501556 0. 0135128297
[40] 0.0150283314 0.0167138009 0. 0185833005 0.0206730506 0.0229915689 0. 0255701575 0. 0254379005 0.0316272907 0. 0351743301 0. 0351192854 0.0435066230 0. 0853860127





