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IMPORTING DATA

9 ## Importing Dataset

10 datal= read.csv("Graduation.csv")
11 summary(datal)

12 vwview(datal)

> summary(datal)

AGE ETR DEATHS CRUDE GRADUATED EXPECTED ZX
Min. :25.0 Min. : 78500 Min. 24 Min. :0 Min. :D Min. -0 Min. 0
1st Qu.:37.5 1st Qu.: 969388 1st Qu.: 96 1st Qu. :0 1st Qu. :0 1st Qu. :0 1st Qu. :0
Median :50.0 Median :112725 Median : 408 Median :0 Median :0 Median :0 Median :0
Mean :50.0 Mean 1112215 Mean 11300 Mean :0 Mean :0 Mean :0 Mean 2
3rd Qu.:62.5 3rd Qu.:129475 3rd Qu. :1850 3rd Qu.:0 3rd qQu. :0 3rd Qu. :0 3rd qQu. :0
Max. a0 Max. 1136625 Max. 16453 Max. 10 Max. :0 Max. :0 Max. 10
Filter Fitar

“ AGE ETR DEATHS CRUDE GRADUATED EXPECTED pa’s “ AGE ETR DEATHS CRUDE GRADUATED EXPECTED o

1 25 78500 24 0 o o o 22 45 109423 360 0 0 0 0
2 26 | 80425 24 2 0 o 2 23 47 109075 32 0 0 0 0
3 a7 | 81975 24 2 o o 2 24 48 120 0 ] ] 0
4 28 83725 24 2 o o 2 25 43 168 0 ] ] 0
5 23 84875 72 0 0 ] 0 26 50 432 o o o 0
6 30 85075 48 0 0 ] 0 27 51 408 a o o )
7 31 85275 120 g o 0 0 28 52 | 118225 600 o 0 0 0
8 32 88250 24 2 0 0 0 29 33| 120025 702 1] 0 0 0
9 33| 87250 72 g 0 0 0 30 34 122150 891 0 0 0 0

10 ES - E ) 72 o 0 0 0 31 55 124350 513 0 0 0 0

1 35 G000 24 2 o o 2 32 56 | 125750 675 0 ] 0 0

12 36 52500 48 2 o o 2 33 57 | 126350 864 o ] ] 0

13 37 83435 24 0 o o 0 34 38 127100 837 0 0 0 0

14 38 88350 168 0 o o 0 35 59| 129350 1242 1] 0 ] 0

15 3% | 89775 120 0 o o 0 36 60| 132475 1593 0 0 0 0

16 40 89135 240 0 1] o 0 37 61 134000 1539 i+ 0 0 0

17 41 89200 216 0 o o 0 38 82 | 133700 1998 0 H H 0

18 42 | 101525 144 0 0 ] 0 39 63| 134375 1728 o ] ] 0

19 43| 104525 120 0 ] 0 0 40 54 136125 2403 o ] ] 0

20 44| 107075 24 0 ] 0 0 a1 65 136625 1971 o ] ] 0

21 435 09125 216 0 o o o 42 66 136100 2835 H 0 o o
43 &7 | 135750 2E89 0 0 0 o

44 653 | 134350 3348 0 0 0 o

45 69 | 131575 4212 0 0 0 o

46 70| 129225 4428 0 0 0 o

47 71| 128875 3915 0 0 0 o

48 72 | 130075 5103 0 0 0 o

49 73| 130475 3434 0 0 0 o

50 74 129550 6433 0 0 H (1]

51 75 | 125400 6453 0 H H (]

CALCULATION CRUDE DEATH RATES

14 ##1) calculating Crude Death Rates
15 dataz<-datal
16 dataZ$CRUDE=datal$DEATHS,/datalieETR
7 view(data2)|

1e



- “ AGE ETR DEATHS CRUDE GRADUATED EXPECTED X

AGE ETR DEATHS  CRUDE GRADUATED ~ EXPECTED  ZX
4 s S 5 s G 23 47| 108075 312 | 0.0028604171 o o
= 5| s 52 |-GG AT o o p 24 48 110175 120 | 00010891763 o 0
3 27 Bi97s 24 00002927722 o 0 9 = 2| SHIED 16, Qota0is0% 2 L
4 ® s 24 00002868327 ° 0 0 26 i it Mol g 0
5 = 75 | B oRiasiE o = o 27 51| 115250 408 | 0.0035401302 o o
e 2 25 | G o b 5 o 28 52| 118225 600 0.0030750667 o o
= 3 o e 5 = 5 29 53| 120025 702 | 00058487515 ] o
B n 74| o0 TEeE o 5 = 30 54| 122150 891 | 0.0072943103 o 0
% A =5 | o0sEasaTES b 5 B 31 55| 124350 513 | 0.0041254524 ] o
10 34 35 | Homasaa b 5 5 32 36 675 0.0053677932 o o
11 35 90200 24| 0.0002660754 ] 0 0 o5 = B6% WooesasTinn o o
12 ECRI P2 48 0.0003189189 ] 0 0 S 2y B3 GnentnoEsy Y b
13 7 95435 24 | 00002515064 o o] 0 a5 i) 12| QIOEAS S Y B
14 38 168 | 0.0077047184 o 0 0 b o Ja20249104 o o
15 33 597Ts 120 | 0.0212027081 ] 0 0 e &1 1338 D0TT4E30T4E o o
16 40 99125 240 | 0.0024211854 0 0 0 38 &2 1958 00149439043 0 0
17 41 99200 216 | 0.00217741%4 i} 0 0 39 &3 1728 | 0.0128595349 0 1]
18 42 101525 144 | 0,0014183699 ] o 0 40 &4 2403 | 00176525926 o o
19 43 104525 120 0.0011480507 0 0 b a 62 1871 00144203493 o o
20 44 o707 24 | 00002241420 o 0 o 4z 66| 136100 2635 0.0208302 o B
21 45 109123 216 0.0019793514 o o] 0 43 67 | 135750 2689 | 00212617660 o o
360 0.0032899246 ) 0 o 4 65| 134350 3343 | 0.0249199851 i o
Showing 23 to 44 of 51 entries, 7 total columns
45 &9 4212 0032 ] ] 0
46 b 4428 0.0342655154 ] ] 0
a7 71 128675 3915 00303782735 ] ] 0
8 72 130075 0.0392312128 ] ] 0
49 73 5454 | 00418011113 ] ] 0
50 ™ 6453 00496108638 ] ] 0
51 75 6453 00496686244 ] ] 0

CALCULATING GRADUATED RATES USING

GOMPERTZ LAW

> ##2) calculating Graduated Rates Using Gompertz Law a

~ modell- Im(1og(CRUDE)~AGE, data- datal) AGE ETR DEATHS CRUDE GRADUATED EXPECTED il
~ summary(modell) 1 25 768500 24 00003057325  0.0002379562 0
2 26| 60425 24 00002964147 00002646437 0
call: 3 Er AT 24 00002927722 00002943242 0
Im(formula = 1og(CRUDE) ~ AGE, data = data2)
4 28 24 00002866527 |  0.0032733 b]
Residuals: . 5 72 00008453063 0.0003640445 0]
Min 10 Median 3Q Max e = = =
-2.07946 -0.09831 0.08351 0.21582 1.13949 L H SBGORERN | GDGER 2
7 31 120 00014072120  D.0004502612 0
Coefficients: R e e 5
Estimate std. Error T value Pr(=|t|) 4 I gt SO I a
(Intercept) -11.000864 0.256884 -42.82 <2e-16 ##+* 9 33 §7250 00005252148 0.0003569456 0
AGE 0.106298  0.004925  21.57  <2e-16 *** 10 34| 88300 72 00008134020 | 0.00061940857 b]
signif. codes: © ‘#%%' 0.001 ‘**' Q.01 ‘*' 0.05 '.' 0.1 ' ' 1 1 35 24 0.0006888771 o
. 12 36 48 0
residual standard error: 0.5181 on 49 degrees of freedom = =
Multiple R-squared: 0.9047, adjusted R-squared: 0.9028 i Gl = ool =
F-statistic: 465.2 on 1 and 49 DF, p-value: < 2.2e-16 14 38| 98550 168 0.0017047184 0.0009476220 0
+ coeff-as:numeric{coet fmodeliy) 15 3@ 987TS 120 0.0012027061 0.0010539005 0
> B=exp(coeff[1]) 16 40 99125 240 0.0024211854 0.0011720985 o
% g_:coeff[zj 17 41| se200 216 00021774134 0
>
[1] 1.668727e-05 18 42 144 00014153699 o
= C 19 43 120 0.0011480507 5123433 0
[1] 0.1062976 s e =
> dataZ$GRADUATED=E*exp(C*data2$AGe) £ “ el £ ]
> View(data2) 21 45| 109125 216 00019793674 0.0019942815 o

o 22 48 108425 360 0.0032899246 0.0022179458 (1]

-

=



AGE ETR DEATHS CRUDE GRADUATED EXPECTED X
23 4T | 109075 312 | 0.0028604171 0.0024666947

24 48 | 110175 120 00027423414

25 43 111675 168

0,00,

510149
26 50 112725 432 0,0033931949
27 51| ‘115250 408 0.0037737513
28 32 118223 200 0,004 71902552

29 53 120025 702

0,0048676923

30 34 122150 &

31 55| 124350 513 0.0057733935

y e e e e e e e e e |e e e e e e e e e e e [a
e e e |e|le|le|le|le|le|le|le|le|le|le|e|le|le|e|e|s

32 = 125730 [T 0,0084205959

33 57 126350

Y £ B BB A2 00N 0SINTE 0 0
35 59 129350 1242 | 0.0096018554

e el $ M LS A5 00MEEHH 002MTMED 0 0
i L i Rl 4 W B WS 00MTMIS 00en 0 0
38 62 133700 1998 | 00149439043 0.0,

39 8 134375 1728 00128595343 0,0135128491 48 13000 3103 003931 003517448 0 0
40 (=2 136125 2403 | 00178526926 001202833234

4 65 | 138625 1871 | 00144263495 00167138257 9 7313047 5454 004180113 0039T193507 0 0
42 €6 136100 2835 | 00208302719 0.0135883286 50 155 F453 | (0498108838 00435066865 0 0
43 &7 135730 2889 | 0.0212817680 0.0208730622

Mg 3o | nia199ss1 | 0o7psSnrnas ' ST M0 B 00N 043RS 0 0

Showing 23 to 44 of 51 entries, 7 total columns

TESTING FOR SMOOTHNESS

30 ##3) Testing For Smoothness

31 first_diff_G=diff(data2$GRADUATED)
32 second_diff_Gg=diff(first_diff_G)
33 third_diff_g=diff(second_diff_c)
34 third_diff_G

36 first_diff_c=diff(data2$CRUDE)
37 second_diff_c=diff(first_diff_c)
38 third_diff_c=diff(second_diff_c)
39 third_diff_c

> third_diff_G

[1] 3.356818e-07 3.733294e-07 4.151994e-07 4.617651e-07 5.135534e-07

[6] 5.71149%e-07 6.35205%e-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 1.714009%e-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

> third_diff_c
[1] -2.152296e-06 5.682500e-04 -1.413525e-03 1.972854e-03 -3.099057e-03

[6] 3.647860e-03 -2.232672e-03 1.725310e-05 1.341684e-03 -1.322426e-03
[11] 2.24088le-03 -3.675849e-03 3.675716e-03 -3.182737e-03 9.469618e-04
[16] 1.004014e-03 -1.142320e-03 3.33273Be-03 -3.123845e-03 -1.295354e-03
[21] 3.9B3173e-04 .528163e-03 -2.736489e-04 -4.532956e-03 4.447319%e-03

[26] -2.58B370e-03
[31] -1.951151e-03
[36] -9.541864e-03
[41] 9.139147e-03
[46] -1.902352e-02

.433042e-03 -5,286203e-03 9.025586e-03 -4.183185e-03
.992409e-03 -3.862706e-03 -2.369456e-03 6.961556e-03
.242093e-02 -1.489763e-02 1.765037e-02 -1.55828%e-02
.672370e-04 -§.292478e-03 -1.302677e-03 1.B88816Be-02
.172291e-02 -1.339191e-02

o B R W

The Values Are Very Low As Compared To The Original Values And They Are Progressing
Perpetually

Therefore, The Data Is Smooth



CHI-SQUARE TEST TO PREDICT THE VALUES

OF EXPECTED AND zZX

44 ##4) chi-square test

45 dataZIEXPECTED=data?iGRADUATED*dataziETR

46 datazizx=(data?iDEATHS-datazSEXPECTED)/(sqrt(dataziEXPECTED,
47 chisquare_data=data.frame(data2$DEATHS,data23EXPECTED)

48 view(chisquare_data)

49 chisq.test(chisquare_data)

50 view(dataz)

Fiiter
data2.DEATHS data2.EXPECTED “  data2.DEATHS data2.EXPECTED
1 24
23 312
2 24 s
24 120
3 24 .
25 168
4 24 =
26 432 38249789
5 72 i
27 408 43492454
6 43 = =
28 G00 456,18893
7 120 38.39773 =
i 29 702
8 24 4319241 T
30 51 634,10351
9 72 48358351 =2 - 5
i 31 513 T17.92148
10 72 54.69378 s =
i 32 675 30742766
24 1367 iy
H £ ge36n 33 564 202.26
<0867
1 & el =T 837 1009.41586
24 .307 13 3 i
13 ‘ o100 | | as 1242 114249807
14 168 9338813 PEm—
25 130133000 44 3348 3088.92208
15 120 f
37 153% 1463.93834 . .-
_ 45 4212 3364.39619
15 20 V1618426 | |38 1998 162447611
46 4428 367489357
21 12931742 o 181575910
L 216 2831242 | | 39 1728 181578910
18 144 14716584 40 47 3915 407597371
19 120 41 48 5103 4575.31501
20 & 42 49 5454 5104.09728
21 216 217.62396 = - i
43 50 8453 5636.29253
24269571 N rprTT—
51 8433 6261.16077
pearson's Chi-squared test
data: chisquare_data
¥-squared = 905.26, df = 50, p-value < 2.2e-16
: S
b “ AGE ETR DEATHS  CRUDE GRADUATED  EXPECTED X
“ AGE ETR DEATHS ~ CRUDE GRADUATED ~ EXPECTED
5 a0 P T T 23 47 108075 312 00028604171 00024666347 6905472 261815370
2 % anazs 24 ) T 2 8 120 00010891763 00027433414 30224764 1048287624
= = = rer— T 25 49| 111675 168 00015043853 00030370749 24072208 -9.35723950
= = = e et o 2 £ 432 00033323353 00033931849 38249753 253109907
5 3 2 5453063 | 00003540449 3089831 | 739421962 21 = b e unn L E L) S S CELELE Geschiiel b L
: Y el e R reres—] SR ——— 28 52 600 DOOS07S06ET  0.0041963882 49615693 466036720
7 31 85275 120 DOOI4DTZIZ0 | 00004502612 3839773 1316569752 23 . ey e a0 ST P s
8 32| 86250 24 00002752608 |  0.0005007816 4319241 | -292028568 30 b 891 | 0.0072543103 63410351 | 1020153000
= = e o 3 55 513 00041234324 FIT82148 764502003
A0 o pEm—— Ep— 32 56 75 00033E7TE2 00064208959 0742768 -48E043982
1 35 0,0006866771 43803632 33 57 864 00063361480 00071410176 0226757 7396179
12 36 0,0007661366 TOE6TEL 271642235 34 8 637 00073415028 100941586
13 37 0,0008520610 S130792  3ssaTan 35 s9 1242 19554 0008832E098 114240807 294376912
14 35 00008476220 9338815 | 772079292 36 & 1383 00120243104 00038232120 130133000 808333523
15 39 1 3 1447BT208 37 61 134000 1533 007114850746 00109249130 146393834 196180923
16 4 40 00024211834 1618426 1148686332 38 62 133700 1958 | 00140435043 00121501729 182447811 026742504
17 4 216 00021774194 12931242 1726 00128335348 00133128491 161578910  -206019297
18 2 144 0.0014183699 14718564 2403 00176328926 00150283534 204573460 7089880439
19 K] 120 0 16853018 1971 00144263435 00167136257 6,54005028
20 4 24 0.0002241420 15200351 2833 00185883286 230987132 608643452
21 ] 216 00019733612 217.625% 2889 2817880 §730E22 280836820 155982134
2 4 380 00032839246 24269571 D TeTeTTT — T

Showing 1 to 22 of 51 entries, 7 total columns ool



44 63 134350 3348 | 0.0249199851 a 466151324
45 69 131575 4212 | 0.0320121604 o 14.61299535
46 70 129225 4428 | 00342655154 00254379460 1242321426
47 71 128875 3915 | 0.0303782735 a -2.52138553
48 72 130075 5103 | 0.0392312128 0 7.80123075
49 73 130475 53454 | 0.0418011113 00391193507 4,59765118
50 74 129550 6453 0.0495108838 0.0435066965 1087851572
51 75 129400 6453 00495656244 0.0453860956 242443191

STANDERISED DEVIATIONS TEST

> ##5 A) Standardised Deviations Test

> table(cut(data2$zx, breaks = seq.int(from = -20,to = 20, by= 4)))
(-20,-16] (-16,-12]1 (-12,-8] (-8,-4] (-4,0] (0,4] (4,8] (8,12] (12,16] (16,20]
Q 1 2 4] i 1 3 12 B 11 ] 5 3 0

##i. The Graph Is Very Broad As Compared To A Standard Normal Graph, With A Number
Of values Higher Than abs(10)

##ii. The Values Of The Absolute Deviations Are Very High Relative To The Anticipated
Value

##iii. The Lower Bound Is Approximately Equal To -2 And The Upper Bound Is Approximately
Equal To 6. IQRis 8. There Are Some Outliers On The Lower Side But They Are
Absent On The Upper Side

##iv. The Graph Is Positively Skewed. It Looks Like It Is Centered Around 2
##v. The Graduated Rates Don't Depict The Underlying Mortality Rates With Precision

SIGN TEST

> ##5 B) 5ign Test

> signtest=sign(data2izx)
> table(signtest)
signtest

-1 1

20 31

> dbinom(31,51,0.5)

[1] 0.03443253

At 5% Significance Level, We Accept The NULL Hypothesis That The Data Is a True
Depiction Of The Underlying Mortality Rates

CUMALATIVE DEVIATIONS TEST

> ##5 C) Cumulative Deviations Test
> obser=sum{data2$DEATHS)

> expec=sum(data2$EXPECTED)

= x=(obser-expec)/expec

> pnorm(-x)

[1] 0.4697664

At 5% Significance Level, We Accept The NULL Hypothesis That The Data Is a True
Depiction Of The Underlying Mortality Rates



SERIAL CORRELATIONS TEST

> ##5 D) serial Correlations Test
= serialCorrelationTest (data2izx)

Rank von Meumann Test for Lag-1 Autocorrelation (Beta Approximation)

data: dataz3zx
RVN = 1.8355, p-value = 0.55363
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
Depiction Of The Underlying Mortality Rates



