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Appendix B. Correlations of measures used in tables 3 through 5.*
1876 1901 1876 1901
MUH APH MUH APH A I R D A 1 R D RM DM OM M S HS BR -
Year Measure (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)(26)(17) (19)(20) X S.D.
(1) 1876 MUH 1.10 0.0868
(2) 1876 APH 656 2.65 0.2232
(3) 1901 MUH 928 517 1.08 0.0823
(4) 1901 APH 640 881 604 2.42 0.1977
(5) 1876 Agricul- 347 520 340 602 61.84 9.9805
turists
(6) 1876 I1lit- 579 574 543 465 351 21.35 14.0974
erates
(7) 1876 Rural 032 126 065 223 557 091 79.19 8.2960
dwellers
(8) 1876 Disper- 384 448 351 356 446 584 199 56.52 21.9254
sion
(9) 1901 Agricul- 461 545 457 609 890 434 614 511 58.54 8.3867
turists
€10) 1901 I1l1it- 618 570 595 508 387 932 150 625 496 16.60 8.0790
erates
(11) 1901 Rural 134 196 159 288 630 171 961 281 709 243 74.49 9.2579
dwellers
(12) 1901 Disper- 417 491 411 441 585 601 452 918 691 665 529 45.98 18.1699
sion
(13) 1872-76 Rural -018 249 -065 181 112 126 027 004 078 130 15.57- 15.4803
migrants
(14) 1872-76 Dept. 034 263 071 268 454 263 384 358 466 298 423 0.34 1.3550
migrants
(15) 1891 Out -259 -353 -243 -210 034 -422 329 -240 -001 -319 -148 097 236 17.12 4.7500
migrants
(16) 1881 Migrants 201 -505 -126 -535 -551 -112 -166 -477 -174 -306 -326 -034 27.56 7.7827
(17) 1878-80 Suicide -363 -699 -282 -621 -557 -387 -264 -442 -557 -410 -337 -518 1.14 0.7814
(18) 1902-4 Di- -341 -712 -278 -674 -725 -528 -454 -745 -364 -584 169 2.90 0.5616
vorce*#
(19) 1876 House- 448 894 305 769 571 249 §34 591 306 -659 3.79 0.4348
hold size
(20) 1876 Birth 128 558 013 437 412 469 122 220 306 433 148 246 155 -164 -375-370 764 2.47 0.4050
rate
(21) 1876 Ch:rc? -190 194 -247 010 037 148 -115 460 062 184 -073 029 214 -237-133-252 216 205 42.29 11.8079
schools

*The decimal point before

#*This is the natural log of the diverce rate.

each correlation coefficient has been deleted.
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A mathematical model is developed for the process of entry into first marriage. The mem-
bers of a cohort are seen as subject to two types of forces. One is the increase in social pres-
sure to get married as the percentage of the cohort already married increases. The other is
the declining marriageability of members of the cohort as they grow older. With some addi-
tional assumptions, this gives rvise to a mnon-homogenous diffusion model. The model is
illustrated with U.S. Census data, and factors contributing to deviation between observed
and predicted distributions are discussed. Other applications of the diffusion model are

suggested.

T is an every day observation that the
I percentage of a cohort that marries in-
creases with age. It is also well known
that the marriage rate is slow during the
first marriageable years. It accelerates in
the late teens and declines again by the
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mid-twenties. This paper develops a model
for the process of entry into first marriage
of a cohort’s members as they age.
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THE MODEL

Let us first consider intuitively what
forces may affect a cohort’s members, and
how these forces change with time. In gen-
eral they are of two kinds. One is the social
pressure to marry: we all know this pressure
increases with the increase in the percent
of a cohort already married. The other is
the capacity of a cohort’s members to
marry as they age; here we believe that
marriageability declines with age. Let us
discuss these two forces in turn.

Single people experience the social pres-
sure to marry in various ways as the per-
centage already married increases. Much
social interaction is age-graded. As a larger
percent of the cohort marries, single people
will have reduced interaction with old
friends. They will be invited less often to
parties, dinners or trips, partly because of
the awkwardness of diverging interests,
partly because of the threats to the estab-
lished couples. When singles are invited,
hosts often play the role of matchmakers.
Thus the psychological experience of the
undesirability of celibacy increases as more
of the same age group enter into wedlock.
With increasing age the psychological ex-
perience of being unmarried as a kind of
deviance is heightened by popular culture.
For example, as a woman remains in the
pool of the not yet married, her social defi-
nition changes from maiden to spinster
or even reject. In the process, she may
pass through the panic-age, trying harder
than ever to catch a husband. In her
social environment people will say, “what
she needs is a man,” and perhaps she will
be pitied for lacking marital bliss. Men
who do not marry may have their mascu-
linity questioned, and even be suspected of
homosexuality. In newspapers the unwed
are reminded of their state by advertise-
ments for “singles’ weekends” at resorts
where “fun doesn’t stop at sundown.” For
us the major point is that the more or
less subtle sanctions against the not yet
married increase as the percentage of their
married cohort increases. At least we shall
assume this for the age span we will con-
sider in the ensuing empirical analysis.

The simplest way to incorporate this as-
sumption in a model, is to suggest that the
social pressure on the not yet married is
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proportional to the percentage of their
cohort already married, and, furthermore,
that the rate of change into the marriage
state is proportional to this pressure. At the
individual level the rate of change in the
probability of getting married would then
be:

%It)_lqut
whete p; is the probability that individual ¢
in the cohort will marry in the small time
interval d¢; Py is the proportion of the co-
hort already married at time ¢; and g is
the parameter of conversion into the mar-
riage state.

However, it is hard to obtain observations
about probability changes at the individual
level. Therefore let us translate the individ-
ual probabilities into rates of change at
the aggregate level.

Let us assume

(1)

dp: _dpy

dt dt
for all ¢ and j. That is, we do not assume
the probability of getting married is the
same for all cohort members, but that the
rate of change in their respective individual
probabilities is the same. To" get the rate
of change in the number married, we add
the individual rates of change for those not
yet married:

(2)

dm_ndpi_, _ . dpi
it sq m) at =(n-m)qP¢ (3)
i=m+1

where 7 is the number married, and 7 is
the number in the cohort. If we now divide
(3) through by #, we obtain

atre
dm _ (_n__) =dP¢
ndt  dt dt

:(n;m)th:q(l—Pt)Pt. (4)

Thus the last two terms in (4) yield an
expression for the rate of change in the
proportion married as a function of the
proportion already married, the proportion
not yet married, and the parameter of con-
version. Note that the rate of change in
individual probabilities in (1) differs from
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the rate of change in the proportion of
the cohort who enter into first marriage ex-
pressed in (4). Also we can speak in per-
centages rather than proportions if we mul-
tiply (4) by one hundred. Later, in our
empirical analysis, we will calculate in per-
centages.

So far our model (4) looks like the differ-
ential equation for a logistic curve. How-
ever, not only social pressure affects the
probability that a person will marry. Mar-
riageability generally declines with age.
There are several reasons for this, both
individual and social. One is the effect of
aging on personal attractiveness. Younger
people are generally considered more attrac-
tive than older people. Youthfulness is much
valued in our society. Much effort goes into
appearing young. Also, the mean age dif-
ference between grooms and brides increases
with the spouses’ age at marriage. A demo-
graphic effect is that a cohort may be de-
pleted of its most eligible marriage candi-
dates: many will marry early, leaving a
pool of the less attractive not yet married.
At the same time that the number of poten-
tial marriage partners in the same age-group
declines, their variability is likely to decline,
making it harder to find a good match. As
they age, the unmarried are viewed as hav-
ing reduced appeal for marriage. Being
spouseless petrifies an individual’s habits.
Cherished lifestyles and ingrained idiosyn-
cracies make people less open to marital
adjustment. As the English proverb goes,
“He that marries late marries ill.” Finally,
age-correlated factors may affect marriage-
ability. For example, those who remain un-
married may also be those without good
jobs. In short, the longer people stay unmar-
ried, the less fit they seem for marriage.
They may be past their prime, though
this “prime” may occur at different ages in
different population subgroups as in, for
example, education groups.

In mathematical terms these observations
suggest that what we have called the con-
version parameter for entry into first mar-
riage, is itself a declining function of time:

q=f(t). (5)

Next we must consider the specific nature
of f(t). Assume simply that each person
starts out with a certain marriage potential,
A;, but that this potential declines with a
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constant proportion & for each time unit,
where b is the same for all individuals. For
the population as a whole we then have

£(t) = Abt (6)

where 4 is the average initial marriage-
ability, and & <1 its constant of deteriora-
tion.! This expression is analogous to con-
stant depreciation of capital. Thus over time
marriageability is a geometric progression:
it decreases with a constant proportion for
each time unit.
Inserting (6) in (4) we have

dP, _
dt

If we transpose, we can carry out the inte-
gration

= Ab*(1 - P¢)Pr. (7)

t t
dp,
——————= [ Abtdt 8
S A ®
which gives
-p, b Apet

-lo . 9
g Py (; logb(l) (9)

When P, is a positive quantity, this expres-
sion can after exponentiation and rearrange-
ment be written

1 (10)
(1-Py) exp (A/logb)
Py exp (Abt/log b)

At first, this expression looks unwieldy.
However, since both 4 and & are constants,

Pe=

1+

.we can always find a number such that

log a=+—+ (11)

logh’
If this is substituted into (10), the equation
for P: becomes

1 (12)
(1-Pya
1+ Poa"t
which, if we let 2=P,/(a(1 - Py)), reduces
to

Pt:

Pl (13)
4
kavt
1 We have
gAlbt Z(A—|—€|)bt_nAbt—I—thﬂ:nAbt.

Taking the average gives Ab".
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The curve corresponding to this equation
looks somewhat like the logistic, but its in-
flection point is in general not midway be-
tween zero and its upper asymptote, so the
limbs of the curve are not symmetric about
the inflection point, as the logistic curve is
constrained to be. Equation (10) or (13)
can be viewed as describing a non-homo-
genous diffusion process. Later, we shall re-
turn to this point.

Note that P, is well defined and not equal
to zero, but

1 (14)
1
1 i
+ka
where k£ and a are estimated quantities. In
practical terms this means that in an em-
pirical curve fit we must take as # the first
year of the process.? Note also that

PO:

(15)

lim Pt =

t— 1

Lt g

since b < 1. Thus the percentage ever mar-
ried approaches (16) as an asymptote as the
cohort ages.

Thus of the two forces influencing the
unmarried, the first is the increase in social
pressure that accompanies the increase in
the percentage of their cohort already mar-
ried. “A bachelor is like a man in winter
without a furcap.” as the Russians say. The
second is the decline in marriageability with
age. Samuel Johnson said that ‘“they that
have grown old in a single state are gen-
erally found to be morose, fretful and
captious, tenacious of their own practices
and maxims.” These two forces have op-
posite effects: one increases the pressure to
marry, the other reduces the capacity to
marry. We have put the common wisdom of
our maxims in mathematical form. Having
formalized the “verstehende” sociology, we
shall now see how well the model fits the
data.

EMPIRICAL ANALYSIS

How does our model correspond to real
data? What we need to answer this question

2 An alternative is to describe the process by its
obverse, i.e. as leaving the single state rather than
entry into marriage. Then we could let the per-
centage at time 0 equal 100.
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is the cumulative percentage of a cohort
married as it ages. We also need a technique
to estimate formula (10’s) parameters, Py,
A and b, from these percentages—or, equiv-
alently, £, @ and & in (13) from which Pg
and 4 can be calculated. Once they are
estimated, we can compute the predicted per-
centage married from the model for increas-
ing values of ¢, and compare these calculated
values to the observed ones. The better the
model, the closer will be the fit between ob-

served and calculated cumulative per-
centages.
The quantity

ge = kart (16)

in equation (13) has the general form of the
so-called Gompertz function, named after
the French mathematician Benjamin Gom-
pertz who in 1825 attempted to fit it to
the age curve of mortality. Since we have a
simple procedure for estimating the param-
eters of the Gompertz function, we can re-
write (13) as

P, (17)
1-Py
and then use this procedure for the
Gompertz function to find estimates for
formula (13’s) parameters or formula
(10%).

Raymond D. Prescott (1922) developed a
simple procedure for estimating the param-
eters of the Gompertz curve from cumulative
observations over time.? Since the curve has
three constants, we need three equations to
find them. Equation (17) can be rewritten

(18)

If we divide the data into three equal sec-
tions, we can estimate the constants by the
following formulas:

kavt =

log gi=1log k+log abt.

T Sslog gy — Solog gt
3slog gy — Silog gt

; (19)

b-1
log a= (Salog gt — 3ilog gt)(b—l‘_—lj‘_z; (20)
-1 (-1
log k= T {Z1log gt b-1) loga}, (21)

3 There is also a reference to G. King (1909) for
this procedure in the literature—compare Wolff
(1970; 29 f.). It would also have been possible to
use an iterative least squares procedure to obtain
estimates of the parameters. See Hoem (1970).



