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Economica, 57, 171-99

The Employment of Married Women in the
United Kingdom 1970-83

By JoANNA GomuLkA and NICHOLAS STERN

The London School of Economics
Final version received 21 July 1989. Accepted 7 August 1989.

The proportion of married women in employment in the United Kingdom grew rapidly during
the 1970s rising from around 50 to 60 per cent. The paper investigates this change using a
time-series of cross-sections from the Family Expenditure Survey. An attempt is made to
assess how much of the change was due to trends in the observable characteristics of the
population and what part was played by changes in behavioural and other factors reflected
in the coefficients of the model. A technique of growth accounting is proposed and used to
this purpose.

INTRODUCTION

The proportion of married women in employment in the United Kingdom
grew rapidly during the 1970s rising, for those under 60, from around 50 to
60 per cent. This continued a period of fast and fairly steady growth from the
Second World War, prior to which only around a third of married women
under 60 were in paid work. Our purpose in embarking on the investigation
described in this paper was to contribute to the understanding of the deter-
minants of the proportion of married women in paid work and especially of
its change over time. We have access to a rich data source, namely the Family
Expenditure Survey (FES), which has around 7200 responding households
per year, with different households being involved each year. It is not a panel
but a time-series of cross-sections. The FES has a deservedly high reputation
for the quality of its data collection and documentation and has the great
advantage of consistency across the years. It gives a complete description of
the composition of each household and has good data on current income and
its sources. It lacks some of the variables that would have been very useful
for our study, such as level of education and past work experience, but
nevertheless is one of the best existing data sets encompassing our period of
interest.

There have been a number of valuable studies of women’s employment in
the United Kingdom using cross-section data (see for example Greenhalgh,
1977, 1980; Layard, Barton and Zabalza, 1980; Blundell and Walker, 1982;
Joshi, 1984; Martin and Roberts, 1984; and Arrufat and Zabalza, 1986), and
there have been several time-series investigations of aggregate data which have
also been instructive (see for example Joshi and Owen, 1981, 1984, 1985; Joshi,
Layard and Owen, 1985; Sprague, 1988). While these enquiries have provided
important insights into the determinants of women’s employment, they have
left a major part of the increase unexplained, and one would like to know
whether a time-series of cross-sections, such as the FES, can help to identify
how the changes have been determined. To make use of this particular data
structure, we estimated a model of employment on each annual cross-section
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and then looked at the changes over time in both the model, i.e. its coefficients,
and the explanatory variables.

The models we used are now fairly standard in the literature for women’s
employment and have been estimated for many countries. (See, for example,
the collection in Layard and Mincer, 1985.) They follow the literature on
microeconomic studies of households in being primarily supply-oriented,
although we have tried to include some variables intended, in part, to capture
demand effects. The measure of employment we use is simply a (0-1) variable
which describes whether or not the woman is in paid employment. We do not
attempt to explain women’s unemployment since the notion of seeking work
is hard to make precise in any satisfactory way and may be subject to changing
definition or interpretation over time. Explanatory variables for employment
include age, wage and husband’s income, and we focus, in particular, on a
fairly detailed description of household structure. We use probit models and
estimate a fitted wage for the wife (including the Mills’ ratio).

We have looked carefully at the specification of the model, experimenting
with the choice and the definitions of explanatory variables, and we have
constructed a number of tables of the estimated coefficients, similar to Table 1
below. In none of them could we detect by inspection any clear trend in the
coefficients of the annual models corresponding to the trend in the total
proportion of married women in paid employment. If the model changed over
the years in some systematic way reflecting behavioural changes, it was not
evident from the time trajectories of single coefficients. Testing the hypothesis
of constancy of the coefficients over the whole period or certain sub-periods
goes some way towards answering the question whether a change in the model
has occurred, but it does not allow the quantification of the possible impact
of such changes on the proportion employed. An attempt to do this led us to
a method called here ‘growth accounting’.

As a part of this technique, we used each estimated annual model in turn
to ‘forecast’ the proportion of women in employment for every year in the
sample. The results (Table 2) were not very flattering for the predictive power
of the models: none of them predicted more than 2-3 percentage points of
growth in the proportion employed over the period studied, against 10 percent-
age points for the actual growth mentioned above and borne out by our
samples. This pattern of prediction was quite robust. It remained essentially
the same for the probit, logit or linear probability models and for the reduced-
form as well as the structural models that we tried. Moreover, the probit
equation that was used to generate Table 2 may be viewed as the reduced form
for a number of possible structures. Therefore it is plausible that the reasons
for poor prediction lie in the data themselves rather than in deficiencies of
modelling. We take the results presented in Table 2 to indicate that only a
small part of the actual rise over time in the proportion employed was associated
with the changes in the measured characteristics of the population, and that
most of it was due to other factors which are not included in our specification
and are reflected in our models through changes in their coefficients. These
changes may be associated with any aspects of behaviour or the environment,
economic or otherwise, that we have not been able to capture adequately in
our model. We have conducted considerable trials of other variables and
formulations, some of these being discussed briefly in Section I1I below, and
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have found nothing which dents in any way the conclusion that, given the
variables at our disposal, there have been substantial changes in the way the
probability of employment of married women is determined.

The plan of the paper is as follows. In the next section we present the
method used for accounting for growth in terms of changes in measured
variables and changes in estimated coefficients. In Section II we describe our
data and choice of variables, and in Section III we present the model, estima-
tion techniques and some testing. Results are set out in Section IV, and the
final section contains some concluding comments.

I. GROWTH ACCOUNTING

We wish to decompose the change over time in a dependent variable into
elements associated with changes in the variables which determine it in any
given period, and changes in the function describing the underlying relation.
Our concern is mainly with the aggregate across individuals, namely the
proportion of married women doing paid work.

A theoretical framework for decomposing a change of an aggegate variable
into a change of a behavioural micro model and a change in the distribution
of micro variables has been proposed by Stoker (1985). His aim is to estimate
marginal effects of both factors on the basis of one set of cross-sectional data,
taken at a particular moment in time. We have obtained the maximum likeli-
hood estimates of our model for a series of cross-sections for the tax-years
from 1970/1 to 1982/3, and we would like to use these results directly to throw
some light on the relative importance of the model changes versus the distribu-
tional changes.

The task of decomposition would be easier if the dependent variable, y,
could be adequately modelled by a simple linear regression. If « is the vector
of coefficients, X the vector of exogenous variables, and ¢ the random term
in the equation

(1) y=aX+e
for a given year, then we know that
2 y=aX

where, for the given year, & is the ordinary least-squares estimate of @ and j
and X are the means across households of the observed values, which con-
sistently estimate the expected values of these variables in the population. The
linear form allows straightforward decomposition of changes in y into changes
in @ and X. For the periods indexed by the superscripts 0 and 1, we have

(3) Fl=7=(a'-a%) X"+ (X'-X4°.

We can think of the first term as showing the element of the change arising
from changes in coefficients at constant values of the variables, i.e. measuring
the shift in the relationship, and the second as showing the effects of changes
in the variables at constant values of the coefficients. This second term rep-
resents the forecast, using the model for the year 0, of the increase in the mean
of y. In the framework of (1)-(3), the household data would be needed only
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for the estimation of the coefficients, and for the decomposition one could
work with the average or aggregated value of each variable.

In this paper our dependent variable is binary and will be modelled using
the probit. In this case the change in the aggregate proportion working depends
not only on the change in the means of variables as in (3) but on their
distribution. Consider the expectation in the population of the variable y which
takes the value 1 if the wife works and 0 otherwise. For any year, the model
specifies the probability of working conditional on a given set of characteristics,
Pr(y=1|X), as a function of X and of the model parameters a:

4 Pr(y=1|X)=P(a, X).
If ¢(X) is the probability density function for X, then

(%) E(y)=J‘ P(a, X)p(X) dX.

If @ is a consistent estimate of @, and X a random sample (not necessarily
the same as that which was used to compute @), then one can show that the
right-hand side is consistently estimated by the sample average

©  9=P@X) =L P@X)

where X, is the vector of exogenous variables for household h. This result has
obvious intuitive plausibility and has been given a firm foundation by Peter
Robinson. His two theorems, given in Appendix 2 below, imply consistency
and asymptotic normality of 7 and give an expression for its limiting variance,
thus enabling us to calculate standard errors of our ‘forecasts’. The left-hand
side of (5) is also consistently estimated by the sample mean j. Therefore an
exact relationship (2) is now replaced by an asymptotic equality of yj and
# = P(&, X), which are both estimates of the population proportion E(y). If
the superscript 0 or 1 indicates the year, we have

(7) E(y')—E(y°)=J {P(a', X)-P(a’, X)}¢'(X) dX

+I {6 (X)—¢°(X)}P(a’ X) dX.

The first integral on the RHS of (7) evaluates the effects of changes in the
values of the coefficients given the distribution of the explanatory variables,
and the second the effects of the change in the distribution of the explanatory
variables for given values of the coefficients, a°.

Accordingly, we carry out our decomposition of the change in the average
value in the sample 7' —$° in an analogous manner as follows:
(8)  P'-9°={P(a', X"~ P(&° X")}+{P(a° X") - P(&°, X°)}
where P(&’, X’) is the average across the sample X’ of the predicted prob-
abilities using the coefficients @', and where the first term in braces describes
the change arising from the changing coefficients and the second the changes
arising from the changing population, i.e. the forecast of  conditional on X,
X° and y°. We shall be examining in some detail, when we present our results
in Section IV, the matrix P(a’, X/), which in our case is 13 x13.
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Having found the change in employment associated with the change in
coefficients, one might then ask which coefficients were particularly ‘respon-
sible’. To answer this, one can decompose the first term in braces on the RHS
of (8) as follows.

(9  P@,Xx")-Pa@’x"
={P(a', X") - P(a", X")}+{P(&", X") - P(&°, X")}

where @% represents the vector of estimated coefficients made up of the first
k from year 1 and the remainder from year 0. The first term on the RHS of
(8) then tells us how much of the change arising from the coefficients, using
the sample for year 1, is associated with those coefficients (those outside the
first k) that are ‘allowed’ to change over the years. The statistical properties
of ‘composite’ models made up from two sets of estimates are not clear-cut,
and we should not claim for this exercise the status of legitimacy enjoyed by
the previous one. Nevertheless, we think that it has considerable heuristic value.

We can also investigate the role of the changes over time in some particular
population characteristics. Since the presence of young children is among the
most important determinants of the employment decision, the changes in
family structure constitute an obvious candidate. The question then would be,
to what extent these changes could be responsible for any increase in employ-
ment. This question can be formalized in the following way.

We partition the vector of characteristics

(10) X = (indsa Xresl)

into those describing family structure (X,;4;) and the remaining (X.). Then
the density ¢(X) in expression (5) can be decomposed accordingly, and we
obtain

(11) E(,V) = J'P(aa X)d’k(inds,Xresr)¢r(Xresr) dX

where ¢, is the density of the vector variable X,;;, conditional on other
variables in the model, and ¢, is the density of the remaining variables.
Introducing explicitly superscript i for the year and omitting arguments of the
density functions, we can write

(1)  E(y)= J.P(ai, X)¢ih, dX.

If the only change between the years 0 and 1 were the change in the family
structures, then for the year 1 we would have

(12)  E(y")=7i' =J P(a’, X)¢id; dX.

Thus, we ‘forecast’ participation in the year 1 using the coefficients for year
0 and the distribution of other characteristics for year 0 but allow the number
of children conditional on these other characteristics to follow the pattern for
year 1. That provides an answer to our question: the difference between (12)
and the participation rate in the year 0 measures the effect of a partial change
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in the population characteristics. To calculate the sample analogue of the
expression (12), we first rearrange the integrand in (12) to obtain

1) 5= @ledpe, X0t ax

It is now obvious that 7' is the weighted mean participation rate (for the
year 0) with the weights equal to the ratio of the conditional densities. The
problem is thus reduced to estimating these densities and taking the weighted
mean of the predicted participation rates over the sample. We shall give
details of the approximate estimation of the conditional densities at the end of
Section IV,

II. DATA AND CHOICE OF VARIABLES

In the Introduction we gave a short description of the Family Expenditure
Survey (FES) from which we extracted our data. We limited our sample to
married women, whose husbands satisfy the following conditions: they are
heads of households, in employment, and aged 18-64. We also eliminated
households where either husband or wife had income from self-employment.
From an original sample of around 7200, the conditions eliminate around
4400, leaving the annual sample studied at around 2800.

The proportion of wives in paid work in the sample for the 13 years were
as follows:

1970/1 1971/2 1972/3 1973/4 1974/5 1975/6 1976/7
0-501 0-491 0-515 0-554 0-569 0:560 0-595

1977/8 1978/9  1979/80  1980/1 1981/2 1982/3
0-596 0-590 0-618 0-623 0-591 0-579

Average gross wages for those employed in the sample rose from 39p per hour
in 1970/1 to around 53p at the end of the period (in 1970/1 prices). The
average earnings of the husband over the period rose by 10 per cent, and
household income from neither husband nor wife by more than 20 per cent.
Thus we have a picture of rising real wages for both husband and wife and
rising real incomes from other sources. Rising real wages of the husband and
rising real incomes elsewhere might be expected to reduce the propensity for
the wife to work, but rising women’s wages might work in the other direction.
(Many earlier studies, see references above, seem to show upward-sloping
labour supply curves for women.) Family structure also showed striking
changes, with the number of children falling. For example, the proportion of
households with one child aged 4 or under and more than one between 5 and
11 dropped from 45 to 2 per cent, the proportion of households with more
than one child between 5 and 11 (and none aged 4 or under) dropped from
nearly 3 to 13 per cent, and the proportion of households with no children
rose from 52 to 58 per cent. Variables are defined and means and standard
deviations provided in Appendix 1.

We model the wife’s decision as conditioned on two variables representing
net family income other than the wife’s earnings (husband’s earning, AVEAN,
and other, AMHWE) and treat them as exogenous. We do not attempt to
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model any joint family decision over hours of work of husband and wife. Such
a procedure would necessitate an explicit treatment of the tax system for each
year and the complex family budget constraint implied by it. We take a simple
view of the wife looking at her husband’s wage packet and other family income
and basing her decision on that. From this point of view, it is net (rather than
gross) income from other sources that is relevant. This should perhaps be seen
as a polar case, alternative to the joint-decision model, where we have elected
for simplicity, and chosen a standard model, in order to focus on movements
over time.

The modelling of the tax system facing the household would have been a
substantial and complex exercise for any one year. As Atkinson and Sutherland
(1988) have argued, capturing the precise detail of the system is crucial, and
a satisfactory extension of tax-benefit modelling, for the United Kingdom, to
behavioural models has yet to be achieved. Changes in the tax-benefit system
may be a factor in changing coefficients for our models from year to year (and
see Section III below for some further comments).

We examined in detail the modelling of family structure, especially the
appropriate description of the presence of young children, and the group of
seven dummies used in the estimations presented here proved most successful
in terms of significance and explanatory power. They can be described as
follows:

Age 0-4
Age 5-11 0 1 >1
0 base CHA4ONE CHAFEW
1 CH110NE ONE4-111
FEW4-11
>1 CH11FEW ONE4-F11

The family income and its structure are, in our model, determinants of both
the employment and the expected wage of the wife. The regional and occupa-
tional dummies, on the other hand, are used only to predict the wage. For
this purpose the wife’s occupation would be much more suitable than the
husband’s. Unfortunately, in our data only very few of non-employed wives
have an occupational coding. A brief discussion of some experiments with
alternative variables is provided in the next section.

The picture of employment and its correlates that emerges from the FES
is broadly in line with the alternative data sources that have been used to
examine the paid work of women. We shall not provide a detailed comparison
here, since the different sources (particularly the various Censuses, the Labour
Force Survey and the General Household Survey) have been subject to careful
scrutiny in the valuable work of Joshi and Owen (1984) (and see also Gomulka
and Stern, 1986).

III. THE MoDEL, ESTIMATION AND TESTING

We have estimated an econometric model of the form that has been used many
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times before in similar studies:
(14)  y,=béw,+Bz,+ ¢},
(15)  w,=yzh+tes

where the subscript h denotes the household and y, >0 if the woman is
employed, otherwise y, <0; w, is a market wage for the woman; z}, zj, are
vectors of personal and household characteristics; and 8, B, v are parameters.
The error terms (&}, €5) are jointly normally distributed. Only the sign of the
variable y, is observed.

The model was estimated using a two-stage procedure: the second (wage)
equation was substituted into the first one, and the resulting equation estimated
by the maximum likelihood (ML) method. Estimates of this reduced-form
probit are presented in Table 1. Our growth accounting (see Section IV) has
been, based on the reduced form, and in this paper we do not focus on the
wage equation or the structural probit—see Gomulka and Stern (1986) for
details. Sample selection bias in the wage equation was treated in the usual
way (Heckman, 1979), by including the inverse of Mills’ ratio calculated from
the reduced-form probit.

In the final specification, the vector z' consisted of the following variables:
AVEAN, AMHWE, AGEW, AGEWSQ, NEARN, CH40ONE-FEW4-11 (see
Appendix 1 for definitions). The vector z> had the same variables, except
NEARN, and had moreover OWN, DR1-DR12 and OCC1-OCC8. (The list
of variables in the different equations indicates that the system is substantially
over-identified.) According to this model, the employment decision is influen-
ced, apart from the expected wage, by the family net income, age of the woman
and the presence of young children. All these factors also play roles as
determinants of the wage, which however depends further on the region,
whether the household is owner-occupied, and the occupation. The family
structure is assumed to be exogenous. (While we are not entirely happy with
this assumption, an alternative would have taken us far afield.)

We comment briefly on some experiments carried out prior to selecting
the final set of variables for inclusion. We have already described our selection
of family structure variables. A second set of issues concerned regional vari-
ables, unemployment and job opportunities. The local unemployment rate
(available monthly by region) performed poorly relative to regions, as measured
by the large increase in likelihood when it is replaced by regions. We also
tried three variables in an attempt to capture local job opportunities for women
(one measuring part-time employment, another measuring jobs often associ-
ated with women, and a third based on semi-skilled manual workers), but
none had enough explanatory power to replace regional dummies.

We investigated the possible presence of cohort effects, e.g. changing
attitudes to work across generations, by including seven cohort dummies using
age in 1976: 16-25, 25-30, 31-35, 36-40, 41-45, 46-50, 51-55, the base group
being the over-55s. The replacement of the two variables, age and its square,
by these seven variables resulted in a lower likelihood value for every year.
Further, the inclusion of these seven variables in addition to age and age
squared generally resulted in insignificant coefficients on the cohort dummies
and an acceptance of the null hypothesis (using standard log-likelihood com-
parisons) that the dummies should be excluded.
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As we noted in the Introduction, education and work experience variables
are not available in the FES. However, we are reassured that their exclusion
does not overturn the basic result of important changes in coefficients, both
by its resilience to all the other experiments we tried and by the finding of
Joshi, Layard and Owen (1985). These authors used data from 1950-74 from
an annual 3 per cent survey of all employees covered by national insurance.
(The survey was discontinued in 1975.) They found that more educated women
were more likely to work than less educated women, holding age constant.
‘However, the difference between the different groups is so small that, even if
all women had moved from the lowest to the highest educational group, this
would only account for a fraction of the actual increase in women’s participa-
tion since World War II’ (pp. S167-8).

The hypothesis that the coefficients are unchanged across the whole period
was tested using the standard comparisons of twice the log-likelihood for the
sample of pooled data for all years with twice the sum of the log-likelihood
for each year separately. It was decisively rejected. To check for periods of
stability, we pooled data for each of the 11 triples of three consecutive years
and carried out a similar test. The hypothesis of constancy of coefficients
within the three-year period was rejected at the 5 per cent level for all triples
except that beginning in 1973/4 and those beginning in 1978/9 and after.
Hence a suggestion that the rise happened in discrete steps would not receive
much support in the data.

The particular changes affecting the position of women in the labour market
during the 1970s, on which attention is sometimes focused, include the follow-
ing (see Hart and Trinder, 1986). There was a series of employment laws
enacted in the 1970s including the Equal Pay Act 1970, the Sex Discrimination
Act 1975, and the Employment Protection Acts of 1975, 1978, 1980, 1982. It
is possible that the first of these might have operated against the employment
of women and the second in favour. It is sometimes argued that the protection
acts encouraged more casual and part-time work, and thus greater employment
of women, since they made dismissal rather difficult. It is possible that this
changing environment played a part in the upward trend, but the tests we have
just described do not appear to indicate that there are sharp breaks associated
with the particular events. One should not generally expect legislation to
permeate the labour market immediately (and the Equal Pay Act was phased
over five years). The national insurance (NI) system also changed radically
in the period, with the introduction of a threshold (below which NI was not
paid) in 1975 which again may have militated in favour of the employment
of part-timers and women. And the new tax system of 1973 came with a higher
exemption level, which might again have encouraged part-time work. Thus,
we have a picture of many changes that may have contributed to the upward
trend, but in our data they do not seem to provide a sharp break in structure
associated with one particular point in time.

Another view expressed sometimes is that most of the increase in women’s
employment in the 1970s occurred through increases in part-time working.
This is not so in our sample. Between the years 1970/1 and 1980/1, the
percentage of the employed women who worked over 30 hours per week
fluctuated between 44-4 and 48-8 per cent without any clear trend. Only in
the last two years of the period do we observe a decline to 42-7 per cent in
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1981/2 and 41-4 per cent a year after. On another definition of part-time
working, if we consider the employed women who worked over 23 hours per
week, then there is a decline from about 63-5 per cent in the period 1970/1-
1973/4 to about 61-5 per cent in the years 1974/5-1979/80 followed by another
4 per cent decline in the last three years of the period.

IV. REsSuULTS

The central equation for our purposes here is the reduced-form probit, where
the probability of working is written as a function of all the independent
variables in the model. It is presented in Table 1. The wage equation and the
structural probit are available in Gomulka and Stern (1986).

We begin our discussion of the results with Table 1. Of the 32 variables
(including the constant term) in the reduced-form model, 7 represent the ages
and number of children, 11 regions, and 7 occupations, with the remaining 7
comprising the age of the wife (with its square), the earnings of the husband,
other family income (including earnings of others), the number of earners,
the dummy for owner-occupation, and the constant term. We consider the role
of these groups of variables in turn. The reduced form has considerable interest
in its own right, being consistent with a number of possible structures, in
addition to its association with the particular structure we have chosen. In the
sense that it involves fewer assumptions, the reduced form is more robust and
accordingly will provide the basis for our analysis of growth accounting.

Not surprisingly, the largest and most significant of the coefficients are
those associated with the effects of family structure. The coefficients of the
variables describing the number and ages of children are all highly significant
and are stable over time, with no obvious trend. Consider, for example, the
coefficients on CH4ONE with standard error around 0-11. The difference .
between the largest and the smallest is around 0-44, i.e. four standard errors.
If the two extreme values are disregarded, the range becomes 0-24, slightly
more than two standard errors. The ‘base’ family is the husband and wife
without young children, so that the negative coefficients show that the presence
of children reduces the probability of working, as one would expect.

The rate of change of the probability with respect to an explanatory variable
is, for a probability of 0-5, given by 0-40 (more precisely, 1/v/(27)) times a
coefficient. Thus, for example, a linear approximation to the effect of one child
under 5in 1970/1 on the probability, if it were around 0-5, would be a reduction
of 0-40x1-51, i.e. 0-6, illustrating not only that the coefficient is very large,
but also that the linear approximation is inadequate for the (very substantial)
change from 0 to 1. For a woman with the average characteristics in the sample
(see Appendix 1), the effect of moving from zero to one child aged under 5
for 1970/1 is a reduction in the probability of working from 0-65 to 0-13.

The extra effect of further children under 5 may be seen by comparing the
first two coefficients for the number of children (for CH4ONE and CH4FEW,
and recalling that the states are mutually exclusive), and we see that the
coefficient on CH4FEW is roughly 0-2 to 0-3 larger in absolute magnitude.
Thus, the crucial feature is the presence of one child aged 0-4, and the effect
of the extra child aged 0-4, while significant, is much smaller than the first.
For women with the average characteristics in the sample, the effect of moving

This content downloaded from 158.143.41.7 on Mon, 9 Sep 2013 09:21:06 AM
All use subject to JSTOR Terms and Conditions


http://www.jstor.org/page/info/about/policies/terms.jsp

(o11-0) (9z1-0) (LTT1-0) (611-0) (911-0) (611-0) (1TI-0) (O11-0) (611-0) (811-0) (9T1-0) (¥b11-0) (921-0)
€6€-1—  1T€I1—  ILI-1— T8E-1—  STTI—  L6E1— 8Ov-1—  89€-I1—  LLE-T—  €€€1—  S8p-1—  TLT-I—  9LE-T— IIT-¥INO
(960-0)  (zo1-0)  (901-0) (601-0) (L60-0) (960-0) (T60-0)  (£60-0) (S60-0)  (960-0) (060-0) (£60-0) (S60-0)
I€L-0—  $19-0—  €99-0—  L19-0— SP9-0—  LTLO—~ 1S9-0— 1SL-0— SI19-0— €19-0— 665-0— 0v9-0—  SLS-0— MILTTHD
(680-0) (060-0) (680-0) (960-0) (880-0) (980-0) (L80-0) (980-0) (¥80-0) (060-0) (180-0) (080-0) (.80-0)
€09-0—  I18T-0— LEp-0— 9€€-0— 06€-0— 08p-0— LO9Y-0— ¥EP-0— +IS-0— 86€-0— 6Ib-0— 9£5-0—  16T-0— ANOIIHD
(1€1-0)  (ov1-0)  (Ss1-0)  (851-0) (¥p1-0) (S€1-0) (TPI-0) (¥€1-0) (1p1-0) (€€1-0) (9S1-0) (svi-0) (8TI-0)
ov6-1—  888-1— 0.8 1— +08-1— LTS8 1— €06:1— ¥v0O-T— +L8-1— $€0-T— 9S8 1—  661-T— I1T6-1— 9IL-1-— MALVYHD
(€01-0) (P11-0) (601-0) (zTi-0) (901-0) (O11-0)- (EI1-0) (€01-0) (601-0) (601-0) (801-0) (801-0) (801-0)
LSS-T—  0TS-1—  8€S-1—  €SL-1—  T9-1—  IbL-I— L68-T—  LSS-I— 089-1— TIS-I— OP9-1— . ST9-I—  ¥IS-1— ANOVHD
(€80-0) (160-0) (880-0) (160-0) (880-0) (¥80-0) (680-0) (080-0) (580-0) (¥80-0) (LL0-0) (0L0-0) (6L0-0)
7620 90 LLT0 0Z€-0 61€-0 £82-0 9220 06€-0 61€-0 89Z-0 £p1-0 981-0 8570 NIVAN
($90-0)  (£90-0) (£€90-0) (990-0) (190-0) (850-0) (850-0)  (£S0-0)  (850-0) (650-0) (950-0) (950-0)  (950-0)
0€1-0 801-0 $10-0 LY1-0 150-0 091-0 910-0 S01-0—  LOI-0— OvI-0—  8Y0-0 920-0 IS1-0— NMO
(zzo-0) (120-0) (zzo-0) (€zo-0) (1Z0-0) (1Z0-0) (120-0) (0T0-0) (0Z0-0) (0T0-0) (0T0-0) (020-0) (120-0)
IL1-0— O€I-0— 861-0— OpI-0— IpI-0— 961-0— €91-0—  €81-0— 6€£1-0—  LST-0—  L91-0— 091-0—  L9TI-0— OSMADV
(sg1-0) (181-0) (s81-0) (€61-0) (SL1-0) (TLI-0) (SLI-0)  (L91-0) (¥91-0) (891-0) (S91-0) (291-0) (0LI-0)
€011 09L-0 el $78-0 $26-0 L6T1 ¥86-0 7021 7880 L66°0 160-1 LEO-T €111 MADV
(£500-0) (£500-0) (9500-0) (£S00-0) (9500-0) (6500-0) (2900-0) (LS00-0) (LS00-0) (TS00-0) (9500-0) (ZS00-0) (6500-0)
$020-0— 0$Z0-0— 0610-0— LLIO-0— 1870-0— €170-0— L910-0— O0vT0-0— 1670-0— €910-0— 8S10-0— IS10-0— L9T0-0— AMHNWYV
(€£00-0) (0£00-0) (8200-0) (££00-0) (££00-0) (¥£00-0) (6£00-0) (¥€00-0) (£€00-0) (9+v00-0) (1€00-0) (L£00-0) (1€00-0)
ov10-0— Iv10:0— $600-0— LLIO-0O— 9600-0— €I20-0— 8610-0— 6910-0— 6010-0— $800-0— 8TI0-0— 8LI0-0— €910-0— NVIAV
(99€-0)  (£9€-0) (89¢-0) (sL£-0) (¥bs€-0) (obe-0) (8€€-0) (TeE-0) (6T€-0) (€€€-0) (T€E-0)  (91€-0)  (LEE-O)
L9€-0—  THP-0 618:0— TS0 790-0—  €TH-0—  ¥9T0 €0€-0—  692-0 SIT-0— €L£-0— +80-0— 18T-0— ISNOD
6L1-0 L91-0 $91-0 L81-0 LST-0 €81-0 981-0 9L1-0 8L1-0 991-0 €81-0 PLI-O LLT-0 OSYIN
972-0 €120 0120 S€T-0 202-0 €00 $€T-0 $TT0 0£2-0 L1Z-0 9€7-0 $TT-0 62C-0 Osydd
182-0 6LT-0 0LZ-0 £€92-0 $82-0 LLT0 692-0 7820 8.0 887-0 987-0 162-0 $87-0 ONOIM
€/T861  T/1861  1/0861 08/6L61 6/8L61  8/LL6T  L/9L61  9/SL61  S/vL6l  ¥/EL61  €/TL61  T/IL61  1/0L61 a|qeuep

(sasoyiuaied ul SIOL3 pIepuels)
1190¥d WA04-adoNday 40 SLNIIDII490) dILVINILSH

1 F14VL

This content downloaded from 158.143.41.7 on Mon, 9 Sep 2013 09:21:06 AM
All use subject to JSTOR Terms and Conditions


http://www.jstor.org/page/info/about/policies/terms.jsp

(860-0)  (so01-0) (101-0) (TO1-0) (101-0) (¥60-0) (001-0) (960-0) (860-0) (so1-0) (001-0) (001-0) (¥OI-0)

LTT0 91-0 050-0 1€0-0 6C1-0— 110-0— 96Z-0 790-0 LIT-0—  LTI-0— 660-0— €S1-0—  800-0— 7000
(z01-:0)  (#01-0) (¥#01-0) (901-0) (001-0) (¥OT1-0) (¥OT1-0) (860-0) (z01-0) (b01-0) (660-0) (L60-0) (SOI-0)

124 %0 701-0 950-0 1€0-0 8L1-0—  6£0-0— ¥60-0—  9TI-0 610-0 WT-0—  0T0-0—  6£T-0— 6500 1200
(8sz-0) (6£2:0) (912-0) (6£7-0) (g££2-0) (8TT-0) (g££2-0) (LIZT-0) (L61-0) (00Z-0) (T1T-0) (161-0) (¥61-0)

S61-0 861-0 T81-0—  8SL-0—  SLE-0O—  669:0—  090-0 6€5-0—  SST-0—  SOV-0—  +99-0—  LST-0—  095-0— aa
¥Tr-0)  (pTr-o)  (811-0)  (121-0)  (SU1-0)  (Su1-0)  (PUT-0)  (€11-0) (®U-0) (TUL-0) (801-0) (801-0) (ITI-0)

89T-0—  65v-0—  £00-0 91€-0— - 192-0—  LTT-0— 8E1-0—  L9E-0— €8T-0— ILI-0O— +Ep-0— ¥8€-0—  SOP-0— 1nya
(s11-0)  (€11-0)  (L11-0) (1T1-0) (SU1-0) (€r1-0) (T1L1-0) (OTL-0) (901-0) (TOTI-0) (£01-0) (860-0) (£01-0)

LY0-0—  SOE-0— LS00 061-0—  TSI-0— Ov0-0— TEO0-0—  €ST-0— T91-0— S€0-0— +I10-0— +E€0-0—  Ipl-0— oraa
(811-0)  (0TT1-0) (9T1-0) (€T1-0) (LI1-0) (911-0) (LI1-0) (¥11-0) (o11-0) (601-0) (801-0) (001-0) (LII-0)

67C-:0— 1€C:0—  100-0— OIT-0— 900-0— 6vI-0— T6T-0— LLO-O— 88I-0— 0SI-0— 160-0— S60-0— SYT-0— 6qd
(6€1-0)  (1¥1-0)  (9€1-0) (SS1-0) (S¥1-0) (ov1-0) (1v1-0) (8T1-0) (I€1-0) (€€1-0) (8€1-0) (TETL-0) (9€1-0)

LEP-0—  60€-0—  ¥LO-0O— S¥9-0—  0TS-0—  61€-0—  IIS-0— 06b-0— 19€-0— OLP-0— 6TT-0— 8EE-0—  8SS-0— 84a
(vz1-0)  (g€1-0)  (zTe1-00 (1p1-0) (¥TI-0) (8T1-0) (9z1-0) (8T1-0) (¥TI-0) (1TZ1-0) (€T1-0) (TTI-0) (8T1-0)

6LT-0—  68€-:0—  TSO0-0—  L9E-0— 69T-0— ¥LO-0—  €TT-0 $82-0—  LLT-0— O€I-0— 8PT-0— 09Z-0— LTp-0— Laa
(€01-0) (€01-0) (¥01-0) (801-0) (101-0) (101-0) (101-0) (L60-0) (S60-0) (¥60-0) (£60-0) (880-0) (860-0)

S01-0—  10T-0— T00-0—  LOZT-0—  LTI-0— €SI-0— €91-0— 901-0— 90€-0—  TH0-0 8L0-0— €61-0—  T8T-0— 9%24a
(191-0)  (8S1-0)  (€51-0)  (891-0) (TS1-0)  (£91-0) (891-0) (¥S1-0) (6S1-0)  (L¥1-0) (9S1-0) (E¥1-0)  (LST-0)

0ST-0—  €€€0— 002-0— €II-0— 0ST-0—  €Tv-0— ITH-0— 9Tv-0— S€0-0—  vEI-0—  LTT-0—  S99-0—  TST-0— vya
(9z1-0) (8TI-0) (g€1-0) (L€1-0) (6T1-0) (gT1-0) (PTU-0) (611-0) (cT1-0) (1€1-0) (1TI-0) (OTI-0) (TTI-0)

€5€-0—  6T€-0—  LET-0—  ¥YI-0—  ¥V0-0 €LT-0— PTI-0— 961-:0—  L00-0—  620-0 §T0-0— T8T-0—  0TS-0-— cda
(1zr-0)  (1z1-0)  (€Tr-0)  (szr-0)  (811-0)  (911-0)  (L11-0)  (€11-0) (Tir-0) (O11-0) (LOT-0) (1I11-0) (¥I1-0)

SIE-0—  +9v-0— 860:0— 86T-0—  L9€-0— T9Y-0— 89T-0— THI-0— 981-0— CTII-0— 6VE-0— 98€-0—  98T-0— 4: (¢}
(LET-0)  (8€1-0) (8€1-0) (g€1-0) (v€1-0) (921-0) (621-0) (611-0) (vTi-0) (TTI-0) (LT1-0) (1T1-0) (TTI-0)

161-0— ¥SP-0—  LvI-0— [€€-0— 6VT-0— TSS-0— 9Iv-0—  SEV-0—  €LT-0— H0E-0— 98C-0—  89€-0—  £€95-0— 13a
(L92-0)  (89z-0) (¥ST-0) (09T-0) (¥8T-0) (TTT-0) (9TT-0) (8€T-0) (S61-0) (L81-0) (01Z-0) (681-0) (802T-0)

961-T~ SI9:-1—  620-T— TI0-C—  €I1-T— 60S-1— SILI—  €00-T— $T6-1— TE8I— +OI-T— 6v8-1— €661~ 1-vMad
(661-0)  (s61-0) (L81-0) (S61-0) (981-0) (9S1-0) (#91-0) (Lp1-0)  (bP1-0)  (P€1-0) (Iv1-0) (9€1-0) (¥EI1-0)

STy-1—  0SS-1—  6§9-1—  ¥LS-1—  $LE1—  $TEI—  LET-I—  SLT-I—  ITET—  T8E-I—  9SE-1—  8SE€-I—  Lbb-1— 1d-¥INO
€/T861  T/1861  1/0861 08/6L61 6/8L61  8/LL6T  L/9L6T  9/SL61  S/vL6l  ¥/€L61  €/TL61  T/1L61  1/0L6T sjqelreA

panunuod—i| 414V L

This content downloaded from 158.143.41.7 on Mon, 9 Sep 2013 09:21:06 AM
All use subject to JSTOR Terms and Conditions


http://www.jstor.org/page/info/about/policies/terms.jsp

"(€861) EIepPEIN PuE (1861) eAlwawy
99s— .y s.uoyyg OSYAT PUe ‘Y SUIPPEIIN ST OSYAW “3SIMIAYI0 ( PUE G- 1940 st ANjiqeqord ay i | 301pard am a1aym ‘suonoipard Suoim jo uomodord ayy st DNOIM T

‘1 xipuaddy ut pauyap a1e s3[qeurea Yl |

ISaloN
(9s1-0)  (191-0) (0ST1-0)  (€£S1-0)  (LE1-0)  (SST1-0)  (8€1-0)  (¥IT-0)  (STT-0)  (LOT-0) (sOT-0) (860-0) (+01-0)
#50-0 090-0 780-0 160-0—  €v1-0—  6LT0 680-0—  €50-0 69Z-0—  090-0 $10-0—  $S1-0—  191-0 8200
(9L0-0) (8L-0) (6L0'0) (080-0) (TLO-0) (690-0) (690-0) (690-0) (690-0) (0L0-0) (0L0-0) (990-0) (890-0)
S01-0 8€0-0 0S0-0—  920-0—  690-0 0€1-0 $L0-0 $L0-0 080-0—  620-0—  0Z0-0 LT1-0— 0010 9200
(€9€-0)  (9¢5-0) (€€€-0)  (LS€-0)  (09¢-0) (65v-0) (£0€-0)  (L¥bE-0)  (L8€-0)  (98€-0) (082:0) (£62-0) (£92-0)
6v€-0 LLO-0—  T100-0— 91€-0 $90-0 1£0-0 89€-0—  689-0 812-0 p-0 0L0-0 01€-0—  LPI-0— $OD0
(611-0) (811-0) (TT1-0) (1C1I-0) (611-0) (111-0) (LOT-0) (¥OT-0) (¥IT-0) (801-0) (OI1-0) (001-0) (£01-0)
861-0 £€90-0 £50-0 1£0-0 080-0 9€0-0 1S1-0 SP1-0 -0 801-0—  €LI-0 T01-0— L300 120)00)
(sv1-0) (6v1-0) (s91-0) (z81-0) (6€1-0) (0ST1-0) (091-0) (091-0) (8ST1-0) (8ST-0) (TLI-0) (8SI-0) (I91-0)
6LY-0 T81-0 70 $85-0 981-0 061-0 $91-0 09€-0 91€-0 €€1-0 861-0 IwI-0—  LLI-O €200

This content downloaded from 158.143.41.7 on Mon, 9 Sep 2013 09:21:06 AM
All use subject to JSTOR Terms and Conditions


http://www.jstor.org/page/info/about/policies/terms.jsp

184 ECONOMICA [MAY

from one child aged under 5 (1970/1) to more than one is a reduction in
probability from 0-13 to 0-09.

There is little extra effect from having children aged 5-11 in addition to
children under 5, as may be seen by comparing the coefficient on CH40ONE
with those on ONE4-111 and ONE4-F11 and comparing the coefficient on
CHA4FEW with that on FEW4-11. Indeed, from the first comparison we see
that the women with a child or children between 5 and 11 in addition to one
under 5 seem more likely to work than one with a single child under 5. It is
possible that a woman who has an older child or children in addition may be
under greater financial pressure, or be more ready for a change from home;
or she may have already organized help with looking after the older child
which could be repeated or adapted to include the younger child.

The signs of all the significant coefficients on the regional variables are
negative, showing that participation in paid work is lower in the regions than
in the base case, Greater London. There is a larger number of significant
coefficients in the earlier years than the later ones, and there appears to be an
overall decline in the absolute magnitude. The movements are not especially
clear or systematic, but one possible interpretation from the reduced form
might be that women’s employment in the regions is becoming more like
Greater London. One looks for cyclical effects in the constant term, but these
coefficients are largely insignificant and possibly are obscured by the large
number of zero-one dummies.

The occupational variables for the husband are measured relative to a base
group of semi-skilled manual workers. Overall, the husband’s occupation does
not seem to exert a major role with the possible exception of teachers, where,
when significant, the coefficient indicates that being the wife of a teacher raises
the probability of employment by around 10 per cent. The age of the wife and
its square are significant throughout, and fairly stable, with that on the former
having a value around 1 and the latter, —0-15. The maximum given these
values would occur at 30 years. (Age here is measured in decades.) There does
not appear to be any marked trend in the coefficients or the maximum.

There are three variables describing income other than earnings of the
wife, and they are all significant throughout. The coefficient on the net earnings
of the husband has a value around —0-015. (A 10 per cent fall in earnings
increases the probability by around 3 percentage point.) An additional earner
other than the husband and wife (with an average coefficient for NEARN of
0-296) increases the probability of the wife working, holding incomes constant,
by around 12 per cent for given values of net incomes and other variables.
The positive effect could be associated with a number of factors. It may, for
example, indicate that jobs are easier to come by, that there is less company
at home, that the age of the children is higher, that there is another person
who can share in the organizational problems of child care, or that there is a
household preference for working. The coefficients on this group of variables
are fairly stable, with no marked trends.

The wage equation and structural probit are not presented here—the
interested reader may consult Gomulka and Stern (1986)—since our main
concern is growth accounting, which we have based on the reduced form. In
the wage equation the Mills’ ratio, playing a role in correction for sample
selection basis, is significant in eight of the years and positive throughout.
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This provides some justification for the correction and indicates that those
who are working form a biased sub-sample in the sense that they face a higher
wage than would be predicted given the measured characteristics.

We present in Figure 1 some graphs showing the distribution of the predic-
ted probabilities from the reduced-form probit for the years 1970/1, 1976/7
and 1980/ 1. There are marked changes in the pattern over time. At the beginning
of the period we have a two-humped distribution, suggesting a sharp difference
between ‘workers’ and ‘non-workers’. In the later years the first hump moves
slightly in the direction of higher probabilities, becomes flatter and, in 1980/1,
virtually disappears. Movement in the direction of higher probabilities is even
more pronounced for the second maximum, which is also becoming higher.
As a result, in 1980/1 we have ‘bunching’ near the 85-90 per cent mark.

We want to put the estimates in Table 1 to use in accounting for the growth
in women’s employment in the 1970s. The proportion of women in employment
in each of the 13 years in our sample is set out at the bottom of Table 2 and
shows a rise of around 10 per cent over the 1970s.

Our analysis of growth accounting begins with Table 2. Reading along a
row—the first, for example—we have the mean of the predicted probabilities
calculated using the data for 1970/1 but the estimated coefficients for the year
given by the column. The diagonal entry corresponds to the mean of the
predicted probability for the year using the estimated coefficients for that year.
This is roughly equal to the actual proportion in the sample, as can be seen
by comparing the diagonal elements with the exact sample proportions which
are given at the bottom of Table 2. As we noted in Section I, there is asymptotic
equality (it is exact for the logit), and the figures are fairly close for our sample
size. The average predicted probabilities in Table 2 were calculated using the
reduced-form estimates; the broad picture using those for the structure is very
similar (see Gomulka and Stern, 1986).

Looking along a row of Table 2, we see the differences in predictions, for
a given sample, that result from using the estimated probit coefficients for
different years. It provides in this sense a measure of the extent to which the
estimated coefficients are changing over the years, and one can interpret the
change along the row, as we described in Section I, as measuring how much
of the increase in the proportion of women working is explained by the change
in the model. We see from Table 2 that the effect of this change is substantial,
with a marked increase as we move from left to right—in the range of 6-9
percentage points. Standard errors are around 1 per cent, rising slightly as we
move away from the diagonal.

Looking down a column in Table 2, we have a fixed set of coefficients
corresponding to the year associated with the column and a changing sample.
This experiment indicates what change in the mean of the predicted probability
arises from the changing distribution of characteristics in the sample at constant
coefficients. We see from Table 2 that the increases as we move down the
columns are small, in the range 0-3 percentage points.

The overall conclusion from Table 2 is that 6-8 of the 9-10-percentage-point
increase in the proportion of women working is associated with changes in
coefficients describing the combination of behaviour and environment, with a
much smaller contribution from the change in the structure of the population.
This result is striking—the major part of the growth is associated with changing
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FIGURE 1. Distribution of predicted probability of employment.
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coefficients, and attempts to forecast the later period on the basis of an early
set of coefficients and predicted demographic and other changes in variables
would have performed very poorly.

We can now go on to ask which coefficients seem to be central among
those that are changing and which aspects of the sample or population are
responsible for the change arising from the sample. Following our discussion
of the estimated coefficients presented in Table 1, we concentrate on regions
for the first category and the role of children in the second. We pursue these
decompositions in the manner described in Section I. As we mentioned there,
we cannot calculate standard errors for the predicted participation rates calcu-
lated from ‘composite’ models. Therefore conclusions from Table 3 and 4 have
to be tentative, although they are strongly suggestive.

The effects of changes in children’s coefficients are set out in Table 3. This
table should be read along the rows and not down the columns. Across a row
we have a constant sample, and all coefficients (except those for children) are
constant at the values associated with the sample. Thus, we isolate the effects
of changing children’s coefficients. As was to be expected from the constancy
of the coefficients for children which we saw in Table 1, there is rather little
change across the rows of Table 3, indicating that changes in children’s
coefficients play no role in explaining the increase in participation in paid
work. Thus, attitudes to work and children, or the ability to work while having
children, do not seem to have changed in so far as this would be revealed
through these coefficients. The number of children has, however, changed,
and the effect of this is examined in Table 5. Notice that the increase down
the columns of Table 3 is closely related to the diagonal; and this is to be
expected, since down the column we now have both sample and coefficients
changing except for those that are related to children, which in turn, as we
have seen, have rather little movement.

In Table 4 we examine the effect of changing regional coefficients, and,
analogous to Table 3, along a row all coefficients except those for regions are
held constant at their levels for the year of the row. Now we find that there
is substantial change across the row, as we might expect from our discussion
of Table 1. Hence a considerable part of the increase in participation, perhaps
5 percentage points or so, seems to be associated with the effects of changes
in the role of regional variables. An important part of the regional effect may
operate through wages (see Gomulka and Stern, 1986).

The effects of changing numbers of children of different ages are modelled
in Table 5. As we described at the end of Section I, in particular expression
(13), to isolate the effect of this change between the years, say, 1970/1 and
1982/3, we should weight each household in the sample of 1970/1 by the ratio
@'/ ¢° of the probability densities, for the years 1982/3 and 1970/ 1 respectively,
of the relevant family type conditional on other characteristics. Since with our
rather modest sample sizes we felt unable to estimate these probabilities in
full, we decided to take into account only one conditioning variable, namely
the age of the wife. For each range of the wife’s age, and for each year, the
percentage of families is calculated for each of the eight family structures we
have considered in the estimation. We used these percentages to construct the
weights for Table 5. In each column of this table, we use the coefficients and
the sample of the year at the top of the column. For each row, we find for
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each household the percentages corresponding to the age of wife and the
family structure for this household and divide the ‘row’ year percentage by
the ‘column’ year percentage. Reading Table 5 by columns, we can see that
the changes in family structure on their own would be associated with a 4-5
percentage point increase in the participation rate. Note that most of this
change in Table 5 appeared to occur in the years 1970-77, corresponding to
the period of an increase in the sample proportion of working wives. Here
again, the margin of error is uncertain, mainly because we could not, on
samples below 3000, obtain very precise estimates of the probability of a given
family structure conditional on other variables. However, the pattern of num-
bers in Table 5 is very clear and gives us some confidence in the conclusions
we have drawn from it.

V. CONCLUSIONS

Our main purpose was to propose and examine a method of accounting for
the growth, over the period 1970-83, in the proportion of wives working, using
estimated models for a cross-section for each year. The first task was to estimate
these models, and we summarize these results briefly before turning to the
growth accounting.

There are several stable effects across the years, among which the most
important was family structure. We took some care with the selection of
variables to capture family structure and found that the coefficients of the
selected variables were highly significant and steady over time. Thus, there
appears to be no change in the way in which family structure affects the
propensity to work. And the important determinants appear to be the presence
or absence of young children rather than their precise number. While the
coefficients on the monetary variables do not show the same very high sig-
nificance levels or stability, they appear to go in the direction one would expect
from simple theory, with the variables on incomes to those other than the wife
exerting a negative influence. Overall, we find that the standard model that
we employed exhibited a performance that was fairly familiar from earlier
studies of different countries and data-sets.

While there were some important stable coefficients, the hypothesis of no
change in coefficients over the years is overwhelmingly rejected. One single
year can be very misleading if taken by itself. The likelihood ratio tests seem
to indicate a gradual change over the period from'1970 to 1978, most marked
around the tax year 1973/4, and a greater stability from 1978/9 onwards. Our
concern, however, is much more than simply testing the hypothesis of no
change in the model. We are concerned with providing a quantification of
how much the model has changed. The method adopted was growth accounting,
which constitutes the main methodological contribution of the paper.

Growth accounting is essentially a decomposition of aggregate changes
into those arising from changes in coefficients, or shifts in the relationship,
and those associated with changes in the explanatory variables. To quantify
the effects of changing coefficients, we calculate, for each set of coefficients,
the mean across households of the predicted probability for each household
for a fixed sample. The difference in the calculated means provides a measure
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of the change in coefficients. We showed also how these shifts could be further
decomposed into effects associated with particular coefficients. This procedure
indicated that, overall, the changing coefficients constituted a major element
in the explanation of the rise in the proportion working, accounting for around
65-75 per cent of the change, i.e. 6-8 percentage points (out of 9-10), while
around 2-3 percentage points of the rise were attributable to changes in the
population. However, practically no change was associated with the coefficients
on family structure, and among the changing coefficients, the effects of regions
appear to be the most important with an apparent tendency for non-
metropolitan regions to become more like London and the South-East in the
propensity for wives to work. In part, the changing effects of regions appears
to operate through their association with wages, although the precise role of
the particular effects is not easy to assign.

Finally, we showed how the effects of a changing population for fixed
coefficients could be decomposed into its constituent elements. Focusing on
family structure, we reweighted observations for a given sample, say 1970/1,
to allow for the changes in family structure that occurred in the population
to, say, 1982/3. This calculation indicated that the decline in the number of
children appeared to generate a rise in the proportion of married women
‘working, which tracked the observed increase in the sample farily well. The
decline in the number of children seems to account for around 4 of the overall
9-10-percentage-point increase in the proportion of women working. This is
rather more than the 2-3 percentage points mentioned above, and points to
some offsetting population changes.

For all the uncertainty about margins of error of some of the above numbers,
it seems to us that using a time-series of cross-sections adds a new dimension
to the analysis of women’s employment and gives insights not easily gleaned
from other data sources. It certainly puts into perspective results obtained
from one cross-section. A large part of the rise in participation over the 1970s
would not have been forecast on the basis of precise knowledge of how the
characteristics of the population were changing together with standard partici-
pation models using data for the early years. The technique of growth account-
ing can usefully complement more established statistical techniques of inves-
tigating changes in cross-sectional models.
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APPENDIX 1. DATA

The data source is the Family Expenditure Survey, organized by tax year for each year
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from 1970/1 to 1982/3.

WAGE

AVEAN
AMHWE
AGEW
AGEWSQ
OWN
NEARN

CH40ONE to
FEW4-11

DR1-DR12

0OCC1-0CC8

wage of wife in £ per hour (means for the employed only), deflated
by the retail price index (=1 for the beginning of the tax year
1970/1)—this deflation applies also to AMHWE and AVEAN
average weekly earnings of the head of household in £ per week,
net of tax
net household income, except for the earnings of the head of house-
hold (HOH) and wife
age of wife of HOH, divided by 10
square of AGEW
=1 if the household accommodation is owner-occupied,

otherwise 0
number of earners in the household, apart from HOH and wife
This is a group of seven 0-1 dummy variables indicating presence
and number of children of age 0-4 and 5-11:

CH40ONE =1 if there is only one child, aged 0-4, and no
other young children

CH4FEW =1 if there is more than one child aged 0-4 and
no children aged 5-11

CH110NE =1 if there is only one child aged 5-11

CH11FEW =1 if there is more than one child aged 5-11 and
no younger children

ONE4-111 = 1ifthere is one child aged 0-4 and one aged 5-11

ONE4-F11 =1 if there is one child aged 0-4 and more than
one aged 5-11

FEW4-11 =1 if there is more than one child aged 0-4 and
one or more children aged 5-11;

NOCHILD =1 if there are no young children in the family

(The base group consists of households without young children—the
variable is not used in estimation but is available in Appendix 1.)

0-1 dummies for the standard regions (the base group is the Greater
London, DRS5):

DR1 North

DR2 Yorkshire and Humberside
DR3 East Midlands
DR4 East Anglia
DR6 South-East
DR7 South-West
DRS8 Wales

DR9 West Midlands
DR10  North-East
DR11  Scotland

DR12  Northen Ireland

0-1 dummies for the occupational group of the head of household
(the base group is semi-skilled manual workers, OCC?7):

OCC1 professional and technical
OCC2 administrative and managerial
OCC3 teachers

OCC4 clerical

OCCS5  shop assistants

OCC6  skilled manual

OCC8 unskilled

The top three rows of Table Al contain the number of households in the sample
(NOBS), as well as the number (NPARTCP) and the proportion (PARTRATE) of
wives in paid work.
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APPENDIX 2: CONSISTENCY AND ASYMPTOTIC NORMALITY
OF FORECASTS

The following two theorems are due to Peter Robinson. They (respectively) establish
consistency and asymptotic normality of the forecasts from the probit.

Theorem 1. Let X;, i=1,2,..., be a sequence of independent identically distributed
kx 1 vectors. Let F(x; 8) map R* xR” on to [0, 1], where F(x; 6) is continuous in a
neighbourhood of 6, for each x and measurable in x for each such 6. Let 8, > 6, almost
surely (a.s.) as n>o00. Then

1z a
lim — ¥ F(X;; 0,)=E{F(X,; 0,)} as.

n=>0n =y

Theorem 2. Let the condition of Theorem 1 hold. Let

\/n ,§:| F(Xn 00) E{F(Xl, 00)} I‘/(O Q)
6:1 - 60
Let (8/00) F(x; 0) exist and be continuous in 8 in a neighbourhood of 6, for each x,
and measurable in x for each 6, and let E|G(X,)| <0, where G(x)=(3/30)F(x; 6,).
Then, as n > o,

a d 1
Jn[ F(X;;6,)—E{F(X,; 6 ]——>N(0, 1, E{G(X Q[ ])
T F(X,:6,)~ E(F(X;: 60) [ E(GOONIR| )
To calculate standard errors for Table 1, we used the following consistent estimate of
the variance matrix from Theorem 2:

1r@r=(12d) +( ) b (g Tdn)

where & Aa=®(&'X,), ®is the cumulative normal distribution function, X, is the vector
of exogenous variables for household h, & is the vector of maximum likelihood estimates
of the problt model, N is the sample size, <I>,,a is the gradient of <I>,, with respect to «
and Q is the estimate of the covariance matrix of & from the probit procedure.
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