Amarendra Mishra

On the Fitting of a Mathematical Model to
the Statistics of Age at First Marriage

Introduction

FOR a person who is married, let x be a variable which assumes the value
zero if the person is married before attaining 20 years of age, one, if he or
is married between 20-24 years, two, if between 25-29 vears and so on.
Our attempt here is to find a suitable mathematical model for the frequency
distribution compiled in this manner, . '

- The variable x can also be regarded as a number of- failures preceeding the
first success, if we consider the cases of first marriage only during a particular
year in a particular region i.e. the marriages of those persons only who were
bachelors (or spinsters) before their marriage. Uspensky (1937) discussed a
problem for a sequence of independent trials with a constant probability p in -
each trial. But discussing the distribution of first births Mukerji (1965) did

not assume constant probability of success and independence of trials, He
assumed that the probability p; of getting a success in the (¢ 4+ 1)th trial when
it is known that first # trials resulted in failyre, § = 0,1,2,...,increases asi
moves from zero to a cértain valie s and decreases  monotonically as i moves
from s to a value #(> 5) and then remains constant thereafter. (See also Sri- -
vastava and Prasad, 1971; Mishra, 1976). ‘We ‘make the same assumption as
Mukerji in our case.
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Suggested Model

‘The probability that the person is married in the i-th age group (i.e. .-x = f)
is given by '

CPe=D) =P Pe = x> 1)

i.e. this probability can ke expressed as the product of the probabilities that
the same did not marry in the breceding / age-groups and the same marries in

the i-th age-group given that he or she did not marry in the preceding i age-
groups. Writing

Plx=ilx2 ) =p
and ‘ 1 —p :_;;. /7
We have

Plx = 0) = p, as P(x » 0) = 1
P(x = 1) = popy

P(x = 2) = pyp, py

P(x = 3) = pupipaps

-----------

Px = k) = I;OPIP2P3 v PP
P(x > k) = }-9-0;11_7253"- - I-?—FIP;

The different protabilities py, p;, ps . . . are defined in the fellowing manner.

po= o
h=a-+8
P =& 4 pp

andL
=0+ (r—ppforalli=34,...

«, B, r and ¢ are the four parameters of the model. Obviously s = 2if r > 1
and s = 1ifr <'I." The value of 7'is 3. '
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Maximum Likelihood Estimates of the Parameters

Iffofifa . - . fi-r for are the respective frequencies for x = 0, L,2,...k-—1,
k- the likelihood furiction L is given by

G-fn(l —_ o'.)N"'fo(ag e B)fl(l _— — B)N—fo“fj(a -+ ms)fn(l —_— rB)N’—J'n—‘f;—fi

k—1
z A

@Fr—pp) ' —a—r—pp)r o)

where N=fo-+fi+f +...and T =fi -+ 3f; = 4fy +
log L = fo log & + (N — fo) log (1 — &) - £; log (= -+ B) +

+ (N — fo—fi) log (1 — & —B) + fa log (x + rB) +
+ (N"—fo —fi —f) log (1 —o — rB) +

+ E filog (@ + F— #f) + Tlog(l —e —r — pB). (2)
J=

The estimating equations are

st —o-[8 A=h]e[ohy Yehzpls

fe
i ® 4 rp ]—m—-rB.]+
kgl
fmsﬂ _ T ] (3
(@tr—pp) (Q=a—r—upp
2
N— 8 fi
alogl _ . _T_A _Nuﬂ.—-fl:l+ fi i=0"_ 7,
28 % - B I1—a—8 €+ 1—a—rp
k-1
Z fi

e T . g i
+[(¢+r—nﬁ) (I-—a-—r—spe,) = W
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OloglL _ . _ fi
=0= os-:rﬁ (l—ﬂf—rB]+

et
k=1
A
S S R
@+r—uwp) (I~a—7—0pp
gt |
dlogL _ o [ =" _ T ] 6
an 0”[(m+ﬁ—"‘@+ﬁ) (1—a—r—pp) = # ©

ket is zero and hence the expressmn withiu the first mlddle bracket of (5) 18
also zero. This implies that the first btacket of ). and hence the same of (3)
are also zero. Fhe set of above four estlmatmg ¢quations is thus reduced to
the following set of equations,

L l—a-——o | )]
h_ _N—f=f _ _
o+ p 1—-03—.3 0 - 8)
CN— 3§
CN— ..
fo J=0 :
St e ‘ ©)
k-élf
)
- r = 0. (10)

fe+r—pmp) (1 —a~r—pp)

1t is apparent from above that the,,‘expecteg_l freqﬁencies would be exactly
equal to.the observed frequencies for x .= 0, 1-and 2. - The difference between
the two sets of frequencies would start from x = 3 onwards.

Application of the }pdel

In the present section .we.ptopose to demonstrate the application of the
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mode! developed in the preceding sections, The model is used to represent
the distribution of marriages according to age-groups in Awustralia from 1965
to 1969 for both the sexes. These distributions are available in the ‘Official
Year Book of Australia’ alyearly publication of Australiati Bureau of Statis-
tics, Canberra, Australia. The reason for selecting Australia is mainly due to
the fact that Australia is one of the few countries in the world which has main-
‘tained a systematic and reliable statistics on age at those marriages before of
which the marital status of a person is bachelor (or spinster). The reason for
selecting the above period is the ready availability of data. Since the numbers
involved were large, the total number of persons married in each calender year
were prorated at various age-groups such that the total was 1000. The trans-
formation leaves the shape of original distribution unaltered and therefore the
model fitted to the transformed distribution can be assumed to express the
original distribution.

 The observed and the expected frequencies of persons married in different
age-groups are compared with the help of x®. The maximum likelihood esti-
mates of the parameters «, B, r and p are also given in the following tables.

TABLE [~ GOODNESS OF FIT TO THE OBSERVED DISTRIBUTION OF
FIRST MARRIAGES OF MALES ACCORDING TO THEIR
AGE-GROUPS, AUSTRALIA, 1965-69

(s=2, t=13)
Variate Year - 5

x 1965 7966 1967 1968 1969
. 0.07000 0.09100 0.08300 0.07900 0.07700

B = 0.49022 0.49756 052402 0.55509 0.56980

7 = 117899 LI7659 . 1.1235Y 108184 1.06537

& = 0,79934 0.26935 - 0.32840 " 0.25033 0.3043¢

0 E 0 E o E .0 E o E
0 07 91 91 83 .83 ™7 7717
1+ 521 521 535 535 557 557 584 584 57 597
2 265 965 253 253 242 242 29 229 223 223
3 81 79 67 66 6 59 59 58 56 53
4+ 35 36 29 30 29 30 “ 27 »n %%
5 416 13 14 14 15 13 12 1312
6 7 7 6 6. 7 7 6 -6 6 6
74 7 6 6 5 8 7 6 5 6 6
X 049508 0.31991 0.25981 063301 ' 0.86853

O — Observed frequency E — Expected frequency . 1
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TABLB 2—GOODNESS OF FIt TO THE OBSERVED DISTRIBUTION OF
FIRST MARRIAGES OF FEMALES ACCORDING TO THEIR
AGE-GROUPS, AUSTRALIA, 1965-69

(=1, r=13)
Variate Year
x 1965 1966 196y 1968 1969
& = 0.31400 0.33200 0.31100 0.30800 0.30900
E == 0.45276 0.45543 0.48145 0.49838 0.49708
X = 0.70068 0.72456 0.74960 0.72969 0.75958
B = 0.42907 0.37955 0.45634 0.44822 0.43218
0 E [0} E [0 E 0 E o E
0 314 314 332 332 n 31 338 308 309 009
1 526 526 526 526 546 546 558 558 537 557
2 10 101 94 9% 96 96 90 20 92 92
3 27 26 24 23 22 2] 2 19 2 19
4 14 15 11 12 11 12 10 11 8 10
5 7 6 6 6 6
6 4 3
74 6 5 3 4 5 4 5 5 4
*
x3 = 0.43012 x = 0.12681 A2 = 0.13005 X =046810 xI" = 0.61053
O — Observed frequency E — Bxpected frequency
*x2 is calculated after pooling the frequencies of X = 6 and 7+ as they are less than 5.
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