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Female employment is a complex phenomenon which is affected
by 1ﬁany social, economic and demographic factors. Thus, the traditional
methods used in studying female employment make it very difficult to

evaluate the effects of these interrelated factors.

This paper is concerned with the development of a probabilistic
model for studying the effects of these factors. A brief analysis to the
most important factors affecting female employment is illustrated. A
general  probabilistic model for studying female employment is
developed. A special case of the suggested general probabilistic model
is introduced. An application to the special case model using published

data of the most recent population census conducted in A.R.E. in 1986

is represented.
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1- Itztrodilction : |

. The economlc and socnal development of any country is
influenced by the number of employed and their quallﬁcatlons Labour
force supply is influenced mamly, among other factors by the

population age and sex composmon

Factors affecting the employment status of both males and
females differ greatly, so to'understandﬁllly how the work force of both
males 'and females affect the total 'employ‘xnent_ of a country; separate

investigation to the participation rates by sex is necessary.

It is noticed that, male lobour force participation rates are higher
and more stable than the corresponding rates for females. Maie labour
force participation rates by age groups in almost all nations have the
same shape where the rates start from a low level at the initial age of
entry and reach its peak and remains at this hlgh level through the
central working ages and then begins to decline shalp]y[Z] On the other

hand, there are great discrepancies in female labour force participation
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rates by age groups. Such discrepancies iay be explained by the great
number of social, economic and demographic factors affecting female
employment . Hence, female labour force supply is the most important

factor i the changes, of the total manpower supply. This fact is very

useful for manpower planners and policy makers.

The literature is rich in studies conceming with female
employment . The majority of these studies are descriptive studies. The
existing mathematical models deal with female employment as a
function of age only. These models do not take into consideration the
other social, economic and démographic variables whic_:h have a great
effect on female employment. Thus, it is of great importance to develop
a mathematical model to stqciy the main social, economic and

demographic variables affecting female employment;

In the present study an attempt is made to develop a probabilistic
model for studying the main soqial, economic and demographic
variables affecting female employment. The resulting probability
distributions provide the researcher with statistical techniques that
enables him to make statistical inference about female employment.
Also, these probability. distributions afe very useful in simulation

studies in which it is required to assign to each input variable the

corresponding probability distribution.

Section two is devoted to investigate the main social, economic

and demographic  determinants of female employment. A general
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probabilistic model for female employment is developed in section
three. A special case of the suggested general probal)ilistic model for
female employment is introduced in section four. An application to the
special case model using pnblished data of the most recent population -

census conducted in A.R.E. in 1986 is giyen in section five.

2. The Most Important Factors Ajfectmg Female Employment
Female employment is influenced largely by a great number of
socral economic. and demographic factors. The mam factors which have
been chosen, in the pre_sent study, to be the determinants of fem_ale
employment include' age" marital.statns ‘educational statns" pan'ty, age
of children, family income and place of resrdence In the present section

a brief analysns is madeé to throw some light on these factors.

(1) Age :
It is expected that female labour force participation rates reach a

peak before the age of marriage and childbearing, then the rates tend to

decline as a result of -increasing children respon

_ cause withdrawal from the labour force.

(2) Marltal Status :

It is expected that female labour force participation rates for
married females are much lower than those for single females and the
lowest rates may be found .among ever married women with children
under school age irrespective of their present marital status. liowever,

those mothers without a husband present, whether because of
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widowhood or divorce are more likely to be in the labour force
because of their economic need and the same situation is expected for
the other ever married females with older bllildren, where females tend
to re-enter the labour force as children attend school [7]. In some
situatioﬁs, the participation rates for married females are higher than
those for unmarried females which is against the common pattern. This -

may’reflect a need to contribute to family finances.

(3) Educational Status :

Increasing educational levels have created a desire for females to
participate in the labour force [7]. ft is expected that a positive
relationship is found between educational status and female labour force

participation rates. This relation tend to be the reverse in countries with

high levels of unemployment rates.

(4) Parity :

- Itis expected that parity (number of live births a woman has had )
is inversely related to female labour force participation rates because of
increasing household work and caring for children. However, increasing

parity may affect female labour force participation rates in an opposite -

direction as a result of economic need.

(5) Age of Children :

Parity may have a little effect on female labour force participation
rates compared with.age of ch?ldren. It s expected that the participation
rates for females with children under school age is much lower than the

corresponding rates for females with older children.
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(6) Family Income :
It is expected that a negative relationship is found between

family income and female labour force participation rates.

(7) Place of Residence : |

The above relatjonships varies significantly between urban and
rural areas. Thus, it is of great imponancé in studyiﬁg these relationships .
to distinguish between urban and rural areas or between developed and

less developed countries.

The previous analysis reveals that, female employment is a
complex phenoinénon which is affected by many social, economic and
demographic factors. Thus, the traditional methods used in studying female
‘employment make it very difficult to evalﬁate the effects of these
interrelated factors . A general'probabilistic model for studying female
employment is developed in the presént sfudy It .<':an provide the
researcher with a statistical technique that enables him to test séveral
assumpfions about this phenomenon. Also, the resulting‘ probability
distributions may be used in simulation models which allow for
considering more factors under less restrictive assumptions than in the

case of analytical models [5].

3. A General Probabilistic Model For Female Employment
"The discussion in section two reveals that female employment is
affected by many factors. Each factor affect female employment with
different probabilities. If equal probabilities of being employed are given
to females regardless of the variations in each factor, then misleading
results will occur. Hence, it is of great importance to take the differential

effects in each factor into consideration in developing a model for
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female employment. To achieve this aim, a trial is made in the present
section to derive (he probébilities of female employment as
mathematical functions of the most important factors affecting it. In the
suggested model, a set of univariate probability density functions

(p.d. £s) are developed. Each p.d.f. relates the probability of female

employment to only one of the factors affecting it . -

. Sub-section (3.1) introduces the assumptions of the model and in

sub-section (3.2), the model formulation is given.

3.1 Model Assumptions |
In the present model it is assumed that :
1) We have a female population in which employment status is
affected by K factors.
2) Factors affecting female employ'mem are represented by continuous

random variables.

3.2 Model Formulation
The probabilistic approach developed here depends on the
following well known relation between the p.d.f, of any variable and

the force of happening of this variable.

¢(x)=1:f§’%y=§%} | (3.1)

Where ¢ (x) is the force of happening, F(x) is the probability

distribution function and S(x) = 1-F(x) is the survival distribution
function[3].
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For the development of our model, we first introduce the
definitions of the forces of female employment and the method of
estimating these forces. Then, the corresponding survival distribution

functions are given. FinaIly, the resulting p.d.f's are introduced.

Let ¢; (x;; 8;) be the crude force of female employment for the i-th
variable with parameter vector 6, 'i,e. ¢; (x;; 6;) describes the
instantaneous probabili‘ty of having a job due to the i-th variable in a
small interval (x}; x+Ax;). in the presence of all other factors in the .

population.

The form of the function ¢; (x;; 6; )tells us the relation between’
the i-th variable and the chance of having a job. Large values of
¢ (x;; ;) indicate the values of the i-th variable at which the chance of
having a job is high and such information is very useful to the manpower

~ planner.

To estimate the observed pattern of the crude force of female
employment for the i-th variable, ¢; (x; 6;), the central female
employment rates [¢ j (x;)] are calculated for each group of the i-th

variable as follows :-

number of females who have a job in any specified group
of the i-th variable
A
of (xj) = ' (3.2)

number of females at risk of having a job in the

same group of the i-th variable 1=1,2, ....... K.
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the numerator and thc denomenator of equation (3.2) must belong to the

same population and the same period of time.

$i(x;) are referred to as the instantaneous discrete probabilities of female
employment. Having a job is a process which can occur at any time in
a person's career and so it is reasonable to treat it as a continuous
variable[1]. It is assumed that ¢; (xi;- 0, ) are continuous functions for

xj 20.

In order to specify a mathematical function that describes
é; (x;;6;), the corresponding observed central rates, a)i (x;), are used in
drawing the observed curve from which the theoretical curve can be

obtained.

To each one of the crude forces of female employment, ¢; (x;; 6,),

there corresponds a survival distribution function (s.d.f.) defined by :

S;(xi;95)=exp.[—jrcbi(t;el)dt) i=L2.....K (33)

The estimated survival functions immediately: give estiimates to

the corresponding p.d. f. s, fj (x;0;) as follows.

fi(xi;ei)=tb,(x,;e,)exp.(—fda,(l;ei)dt) (3.4)

= ¢’|(x;;9|)-sl(xi;0;): i =1,2 ......... .K

Equation (3.4) gives the p.d.fts. of female employment as functions of

only onc of the variables affecting it. These probability distributions are
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very useful in simulation studies in which it is required to assign to each
input v_ariable the corresponding probability distribution. Also, these
probability  distributions provide the researcher with statistical
techniqqes that enables him to make statistical inference about female

employment.

4. Special Case Of The General Probabilistic Model For Fema)e
Employment. | | | o
~In this special case, it is assumed that the most important factors
affecting female employment are age and educational status. Thus, we

- have the following two forces of female employment :-

¢,(x,;0,) is the crude force of female employment as a function of age,
X;, with parameter vector ‘9,,$,(x,;0,) is the crude force of female
employment as a function of educational status , x,, with parameter

vector 0,.

¢,(x1;0,) describes the relation between age, x,, and the chance of
having a job. The chosen measure to estimate a mathematical function
that descn’bes. 9, (x4;8,) in the present study is the female age - specific
employment rate. This rate in a certain age group (eg. the j-th age

group) may be defined using equation (3.2) as follows:

number of females who are currently emf)loyed
in the labour market in the j-th age group

¢i1(xp) =

number of females at the mid point of the j-th age

group
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Data required for the calculation of female age -specific
employment rates is the distribution of females by age and employment

status.

b,(x, ;8,) describes the relatior:. between educational status, x,,
and the chance »f having ajob. To derive a mathematical formala for
$,(%;8, ), a cuitable measure for educutional status ic first introduced.
The what mizht be called the female educational - specific employment
rate seems to be a suitable measure. This rate-in a certain educational
level (eg. t’.ﬂ.e\ I-th educational }cvel) may be defined using cquation (3.2)
as follows:

number of females who are currently employed
. in the labour market in (e I-th educational level
b0 ' _ (4

number of females at the mid point of the I-th

educational level.

Data required for the calculation of female educational specific
employment rates is the distribution of females by educational level and

employment status.
Having determined the mathemtical forms of ¢, (x,.6,) and

$2(x2;0,), the corresponding s.d.f:s and p.d.fis can be derived using

equations (3.3) and (3.4) respectively as follows :
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Si(xi;05)=exp.(—}@(t;@i)dt] i=12 - (4.3)
£.(x:68,) = ¢,(x;;6,).5,(x;;6,) 1= 12 (4.4)
5. Application

This section is concerned with an application to the special case
of the general probabilistic model for female employment suggested in
section four. Published data of the most recent population census

conducted in A.R.E. in 1986 is used.

In this application it is assumed that :

1- Working.age is taken to be the age interval (15-65) years.

2-  The number of females who are currently employed in the
labour market include; own account workers, paid workers and
unpaid workers.

3- The number of females is not given at the mid year, since the
census of ARE. in 1986 was camried out in November,
however, it is assumed that it represents the corresponding
number at the mid' year.

4- Separate investigation is necessary for urban and rural areas to
represent the effect of urban - rural differentials. Urban areas

are considered only in the present study.

We first introduce the derivation of mathematical expressions for
the crude forces of female employment ¢,(x,;8,) and $,(x,;0,) in sub -
sections (5.1) and (5.2) respectively. Then, the corresponding survival
distribution functions and probability density functions are derived in

sub-section (5.3).
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5.1 Derivation of a mathematical expression for ¢, (x;; 6,)

To derive a mathematical formula for the crude force of female
employment as a function of age, female age-specific employment rates
are used in drawing the observed curve from which the theoretical curve

can be obtained .

Using data for urban areas of A.R.E. in 1986, female age-

specific employment rates are calculated as‘ follows :-
i) Number of females in the not stated age interval have been
redistributed among the age intervals according to their relative

distribution.

2) Female age - specific employment rates are calculated using equation

@4.1).

Calculations are shown in table (1) in the Appendix :

Graphical presentation of the relation between female's age and
female age - specific employment rates is shown in figure (1) in the
Appendix. This relation reveals that_ the shape for the force of female
employment by age rises with age up to the mid point of the age
interval (25 -30), then it declines gradually to retifement age. The
investigation of this shape showed that it may be well described using

Pearson's Type 1 system of frequency curves given by[4]:

: Xy m Xy .m o

&) (x138)) = ¢0(1+Hll) 1(1‘-,%) 2-a <x <a, (5.1)
where : 6, = [¢, , 8y, 3, my, my] & my/ a; =m,/ a, and origin at the
mode.

and the estimated force is :
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A X X
o - I 10.6393,1__ X1 12.5643
$1(x138p) = 0.2185 (14 54g33) (I-g7972) (5.2)

- 1.4177 < x,<5.5823

with origin at age 34.5883 (which is the modal value of x,). Calculations

are shown in table (3) in the Appendix

5.2 Derivation of a mathematical expression for ¢2 (x2; 62) :-
To derive a mathematical formula for the crude force of female

employment as a function of educational status, female educational -

specific employment rates are used in drawing the observed curve from

which the theoretical curve can be obtained.

Using data for urban areas of A.R.E. in 1986, femalé educational

- specific employment rates are calculated as follows :

1) Number of females in the not stated educational level have been
redistributed among the educational levels according to their
relative distribution.

2) Female educational - specific employment rates are calculated using
equation (4.2).

Calculations are shown in table (2) in the Appendix.

To draw the relation between female's educational status and
female educational - specific employment rates, the following scores are
given for each educationél level : O for illiterate & 1 for recad and write
& 2 for primary certificate & 3 for less than medium certificate & 4 for

medium certificatc & 5 for more than medium cerificate & 6 for
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university degree and cquivelants & 7 for post graduate diploma & 8 for

master's degree and 9 for doctor's degree.

Graphical presentation of the relation between female's
educational status and female eductional - specific employment rates is
shown in figure (2) in the Appendix . This relation is a discrete

increasing  function. it can be approximated by the following

exponential formula:

$,(x;0,) = o exp. (Bx,) x,2 0,p>0 (5.3)
where : 6,[a,3]
and the estimated force is :
0.4903 x,
&, (x:0,) =0.0223 ¢ %20  (54)

Calculations are made using a manual scientific calculator.

Kolmogorov - Smimov test is applied to test the goodness of fit

for the data graduated by &, (x, ; 8,) and §, (x,;6,) . Itis found that it
fits the data fairly well [6]

The resulting mathematical expressions for ¢,(x,, 6,) and ¢, (Xz,ezj
may throw some light on the general shape and the behaviour of these

forces for any similar human population.

3.3 Derivation of the survival distribution functions and the
probability density functions :-
Having determined mathematical expressions for ¢, (x4;8,) and
$:(x,;0,), the cormresponding survival distn'butibn functions can be
derived using equations (4.3), (5.1) and (5.3) as follow.s :
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S,(x,;G,)=exp.(~f¢0(1+;‘T)""(1——};)""dt) (5.5)
X
| 72 Bt .
Sz(xz;ez) = exp. _j oe" dt (5.6)
0

Then the probability density function of female employment as a
function of age can be derived using equations (4.4), (5.1) and (5.5) as

follows :

£1(x:0,) = do(1+ )™ (1-H)™ exp-(—?%ﬂ +3)m (A=) dt) (.7)

where : origin at mode & m,/a; =m, / a, & -a; < x; <a,

and the probability density function of female employment as a function
of educational status can be derived using equations (4.4), (5.3) and
(5.6) as follows:

f,(x,;8,) = ae””'exp.(-—focem dt] x,20,8 >0 ' (5.8)
0

The corresponding estimated survival distribution functions and |

probability density functions can be derived using the estimated forces.
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Appendix
Table (1)

Observed Female Age-Specific Employment Rates
For Urban Areas of A.R.E. in 1986

2)
15- 1058800 ’ 1064804 26116 26299 0.025 |
20- 984445 990027 126847 127739 0129 |
- 25- 888874 893914 207242 208699 0.234 I
30- 756616 760907 - 176290 177529 0.233 ;
35- 669097 672891 117577 118404 0.176 i
40- 493579 | = 496378 69540 70028 0.141 g
45- 408867 411186 41650 - 41943 0.102
50- 395244 397486 24932 . 25107 0.063
55. 246944 248345 10743 10819 0.044
60-65 | 244757 246145 4735 4768 .0.019
notstated | 34860 _ 5663 . - |
Total | 6182083 6182083 811335 811335 | -- ;

* Source : CAPMAS :" Census of pbpulation in A.RE. in 1986", Cairo,
1990 |
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Table (2)

Observéd Female Educnﬁoiul -Specific Employment
Rates For Urban Areas of A.R.E. in 1986

Educatio Nnmbegoff Correciel Wambe TR T ; w“
mat status | fernal ? ’ ‘employed
Pt il o

] @ (3): , 0
liliterte 3314405 3329320 7504 75076 0.023
Read and 876316 ° 880259 33017 33031 0.038
write 4 .
Primary 245638 246745 7613 7616 0.031
certificate '
Less than 596522 599207 22945 22954 0.038
medium
certificate
medium 1111560 1116562 459850 460036 0.412
certifciate ) .
more than 116116 116638 73413 73443 0.630
medium .
certificate
University 203892 204810 136869 136928 0.669
degree and '

uivelants
past 711 714 519 519 0.727
graduate
diploma
master's 2602 2614 2450 2451 ‘ 0.938
| degree
doctor's 2687 2699 2611 2612 , 0.968
| degree : .
not stated 29119 - 330 . - -
Total 6499568 6499563 814663 . 814663 -

* Source: The same as in table (I)
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Talle (3)
The calculations required to Derive the values of the

parameters of ¢1(x1;91) using data of
Urban Areas of A.R.E. (1986).

15- |- 17.5 -4 0.025 -0100 | 0.400 | -1.600 6.400
20- 22.5 -3 0.129 | -0.387 | 1.161 | -3.483 10.449
25- 27.5 -2 0.234 | -0.468 | 0.936 | -1.872 3.744
30- 325 -1 0.233 | -0.233 | 0.233 | -0.233 0.233
35- 37.5 0 0.176 0 -0 0 0
40- 42.5 1 0.141 | 0.141 | 0.141 | 0.141 0.141
45- 47.5 2 0.102 0.204 | 0.408 | 0.816 1.632 .
50- 52.5 3 0.063 0.189,] 0.567 | 1.701 5.103,
55- | 575 4 0.044 0.17¢ | 0.704 | 2.816 - 11.264
60-65 | 62.5 5 0.019 0.095-| 0.475 | 2.375 11.875
Total 1.166 | -0.383 | 5.025 | 0..661 50.841

i, =0.3285 &, =4.3096 & 1y =0.5669 & 1, =43.6029
K, =4.2017 & py =4.7431 & p,=47.1032
B, =0.3033 & B, = 2.6681 '
K =-0.1586
r =52035
a, +2,=10.9906 & a, =2.1993 & a, = 8.7974
m; = 0.6393 & m, =2.5643 & m, + m, = 3.2036
b =0.2185 & Mean = 35.8575 & Mode =34.5883
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Figure (1): The observed values of the crude force of female employment

as a function of age
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Figure (2) : The observed values of the crude force of female employment

as a function of educational status.
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