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Abstract This paper sought to estimate the effect of socioeconomic variables such as education level, type of employment

and settlement type on the fertility rate of women in Ghana using the method of cohort Total fertility rate (TFRc) computed
through parity progression ratios (PPRs) and the use of survival and categorical analyses to determine the relationship among
the categories. The Kaplan Meier statistics showed a significant difference among the six categories. The hazard function plot
showed that the women who have low education and women in informal employment have the highest hazard in terms of
fertility (they tend to have more children than the other treatment categories) followed by women in rural settlement.
However, the survival plot shows that women with high education level and those in formal employment have performed
better (they tend to have fewer children) followed by women living in sub-urban settlement. Formal workers were found to
have lower fertility rate compared to informal workers (TFRc: 2.1<2.4). Similarly, Sub-urban women were found have lower
fertility rate compared to rural women (TFRc: 2.2<2.5). Again, highly educated women were found to have lower fertility rate
compared to those who are less educated (TFRc: 1.9 <2.3). Women with higher Education level (senior high level and above)
were found to be 0.175 times less likely to have children beyond parity 3 in comparison with those with lower level of
education. Women in sub-urban settlement were found to be 0.237 times less likely to have children beyond parity 3 than
those in rural settlement. Again, informal sector workers were found to be 7.383 times more likely to have children beyond
parity 3 than formal workers. It was recommended for population control education to be targeted at women in rural
settlements, those in informal sector as well as women with little or no formal education.
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1. Introduction
One of the most prominent indexes of fertility rate which
provides a hint concerning the average parity of women
throughout their entire reproductive period is called the
cohort Total fertility rate. It has a basic flaw of not being able
to account for the proportion of women in the respective
population who fail to proceed to the next birth after putting
to birth a particular number of children. This information
is very key factor in determining the general fertility
performance of a population of interest since this can reveal
practices that promote family limitation such as assessing the
impact of family planning programmes on fertility of
developing countries including Ghana. Parity Progression
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Ratios (PPR) is defined as the proportion of women of a
given parity who go on to have another child. PPRs play a
major role in the comprehension of the distribution of cohort
fertility [1, 2, 3, 4, and 5].
The concept of PPR has been applied in the study of
differentials in trends in PPRs among women in the north
and south part of India. The data was extracted from the
National Family Health-Survey III. The study found a
decreasing trend of PPRs from older to recent parity cohorts
which was in contrast with the trend associated with the
north which exhibited a non-significant decline in
comparison with the south. The northern and southern parts
of India exhibited vast differentials in PPR with respect to
each other [5, 6].
Multivariate analysis has been applied in the study the
effect of socioeconomic variables on TFR and related
components as well as on the trend in the total fertility rate
and related components. The data was derived from 2003
Demographic and Health surveys in Philippines. The study
incorporated a ten year cohort with cohort measures based on
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earlier reproductive experience of women age 40-49 at the
time of each survey for the years 1993, 1998 and 2003.
Among the many findings of the study included choice of
residence of women and education were significant
predictors of fertility [7].
Another study was conducted to examine the determinants
of parity progressions (cohort fertility) in Norway. The study
qualified a woman’s level of education as significant
predictors of fertility. Others were resident and religion of
women. Highly educated women were found to have lower
number of children (parity of 2) where the second child
occurred in their late reproductive years [8].

2. Method
The birth data was extracted from National Health
Insurance Data over a ten year period at the time of first
registration to the scheme. The cohort measures were based
on past reproductive experience of women aged 40-49 at the
time of collection of data.
PPR from 𝑗𝑗 births to
𝑗𝑗 + 1 =

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑤𝑤ℎ𝑜𝑜 ℎ𝑎𝑎𝑎𝑎𝑎𝑎 (𝑗𝑗 +1)𝑡𝑡ℎ 𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑤𝑤ℎ𝑜𝑜 ℎ𝑎𝑎𝑎𝑎 𝑗𝑗𝑗𝑗 ℎ 𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

.

Cohort Total fertility rate (𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐 ) is computed from the
PPRs as follows:
𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐 = 𝑎𝑎0 + 𝑎𝑎0 𝑎𝑎1 + 𝑎𝑎0 𝑎𝑎1 𝑎𝑎2 + 𝑎𝑎0 𝑎𝑎1 𝑎𝑎2 𝑎𝑎3
+𝑎𝑎0 𝑎𝑎1 𝑎𝑎2 𝑎𝑎3 𝑎𝑎4 + ⋯

Where
𝑎𝑎0 =
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖 0 𝑤𝑤ℎ𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑡𝑡𝑡𝑡 ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖.
𝑎𝑎1 = 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖 1 𝑤𝑤ℎ𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑡𝑡𝑡𝑡 ℎ𝑎𝑎𝑎𝑎𝑎𝑎 2

𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. 𝑒𝑒𝑒𝑒𝑒𝑒.

Binomial logistic regression has dichotomous dependent
variable with dependent variables qualifying to either be
categorical or continuous with independent variables. Logit
model is of the form:
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 (𝑃𝑃) =
𝐿𝐿𝐿𝐿𝐿𝐿 �

𝑃𝑃

1−𝑃𝑃

.

𝑃𝑃𝑖𝑖
� = 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 (𝑃𝑃𝑖𝑖 ) = 𝛽𝛽𝑜𝑜 + 𝛽𝛽1 𝑥𝑥𝑖𝑖
1 − 𝑃𝑃𝑖𝑖

The odds can be written as:
𝑃𝑃𝑖𝑖
= 𝑒𝑒𝑒𝑒𝑒𝑒(𝛽𝛽𝑜𝑜 + 𝛽𝛽1 𝑥𝑥𝑖𝑖 )
1 − 𝑃𝑃𝑖𝑖

In terms of probability of success (intent to have more
children, i.e beyond parity 3) occurring,
𝑃𝑃𝑖𝑖 =

𝑒𝑒𝑒𝑒𝑒𝑒 (𝛽𝛽 𝑜𝑜 +𝛽𝛽 1 𝑥𝑥 𝑖𝑖 )

.

1+𝑒𝑒𝑒𝑒𝑒𝑒 (𝛽𝛽 𝑜𝑜 +𝛽𝛽 1 𝑥𝑥 𝑖𝑖 )

Conversely, the probability of failure will be written as:
1 − 𝑃𝑃𝑖𝑖 =

1

.

1+𝑒𝑒𝑒𝑒𝑒𝑒 (𝛽𝛽 𝑜𝑜 +𝛽𝛽 1 𝑥𝑥 𝑖𝑖 )

IBM SPSS Statistics Version 25 was used in the analysis.

3. Analysis
Table 1. CEB Data for Formal and Informal workers of cohort followed
from 2007-2017
CHILDREN EVER BORN (CEB)

Number of women

0

1

2

3

4

5+

FORMAL WORKERS

85

77

124

83

56

30

INFORMAL WORKERS

40

90

104

68

72

38

Table 2. Parity Progression Ratio for Formal workers of cohort followed
from 2007-2017
CEB

FORMAL WORKERS

0

85

TOTAL

PPR

SYMBOL

1

77

455

2

124

370

0.813187

a0

3

83

293

0.791892

a1

4

56

169

0.576792

a2

5

30

86

0.508876

a3

TOTAL

455

30

0.348837

a4

TFR c = 2.083516484

The fertility rate of women who are formal workers by
method of PPR (Total fertility rate cohort, TFRc) was
approximately found to be 2.1 per woman. The recognizable
stall in fertility was particularly motivated by the decrease
pattern in the parity progression ratios in the third and
higher ages. The probability of a woman who is a formal
worker with zero child going on to have one child was
approximately 0.81. Also the probability of a woman who is
a formal worker with 1 child and going on to have a second
child was approximately 0.79. Again, the probability of a
woman who is a formal worker with 2 children going on to
have third child was approximately 0.58. In addition, the
proportion of a woman who is a formal worker with 3
children and going on to have a fourth child was
approximately 0.51. Finally, the proportion of a woman who
is a formal worker with 4 children and going on to have a
fifth or more children was approximately 0.35.
Table 3. Parity Progression Ratio for Informal workers of cohort followed
from 2007-2017
CEB

INFORMAL
WORKERS

0

40

TOTAL

PPR

SYMBOL

1

90

412

2

104

372

0.902913

a0

3

68

282

0.758065

a1

4

72

178

0.631206

a2

5+

38

110

0.617978

a3

TOTAL

412

38

0.345455

a4

TFRc = 2.378640777
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The fertility rate of informal workers by method of PPR
(Total fertility rate cohort, TFRc) was approximately found
to be 2.4 per woman. The recognizable stall in fertility was
particularly motivated by the decrease pattern in the parity
progression ratios in the third and higher ages. The fertility
rate of formal workers by method of PPR was approximately
found to be 2.1 per woman. The recognizable stall in fertility
was particularly motivated by the decrease pattern in the
parity progression ratios in the third and higher ages. The
probability of a woman who is a formal worker with zero
child going on to have one child was approximately 0.90.
Also the probability of a woman who is a formal worker
with 1 child and going on to have a second child was
approximately 0.76. Again, the probability of a woman who
is a formal worker with 2 children going on to have third
child was approximately 0.63. In addition, the proportion of
a woman who is a formal worker with 3 children and going
on to have a fourth child was approximately 0.62. Finally,
the proportion of a woman who is a formal worker with 4
children and going on to have a fifth or more children was
approximately 0.35. Results from table 2 and 3 show a
fertility range of 2.1 - 2.4 children per woman between
formal and informal workers in Ghana.
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children and going on to have a fourth child was
approximately 0.58. Finally, the proportion of a woman who
is in a rural settlement with 4 children and going on to have a
fifth or more children was approximately 0.37.
Table 4. CEB Data on Rural Settlement and Sub-urban Settlement of
cohort followed from 2007-2018
CHILDREN EVER BORN

Number of women

3

5+

0

1

2

4

Rural Settlement

25

109

102

85

72

43

Sub-urban Settlement

54

87

63

54

50

37

Table 5. Parity Progression Ratio for Rural Settlement (women) of cohort
followed from 2007-2018
CEB

Rural Settlement

TOTAL

PPR

SYMBOL

0

54

1

87

345

2

63

291

0.942661

a0

3
4

54

204

0.734793

a1

50

141

0.662252

a2

5+

37

87

0.575

a3

TOTAL

345

37

0.373913

a4

TFRc = 2.456422018
Table 6. Parity Progression Ratio for Sub-urban Settlement (women) of
cohort followed from 2007-2018
CEB

Figure 1.
workers

Graph of Parity Progression Ratios of Informal and formal

Fertility rates by the method of PPR showed that formal
workers have lower parity compared to informal workers
(TFRc: 2.1<2.4). Figure 1 shows that parity progression
ratios of informal workers were generally greater than that of
the informal workers except for the second PPR value. The
pattern for informal sector women shows a steeper but linear
decline for parities 1 to 3 and 4 to 5+. However, the pattern
for formal sector workers show almost a constant trend for
parities 1 and 2, then steeper from parities 2 and 3 and further
steeper for parities 4 and 5 plus.
The fertility rate of women in a rural settlement by method
of PPR (Total fertility rate cohort, TFRc) was approximately
found to be 2.5per woman. The recognizable stall in fertility
was particularly motivated by the decrease pattern in the
parity progression ratios in the third and higher ages. The
probability of a woman who is in a rural settlement with zero
child and going on to have one child was approximately 0.94.
Also the probability of a woman who is in a rural settlement
with 1 child and going on to have a second child was
approximately 0.73. Again, the probability of a woman
who is in a rural settlement with 2 children and going on to
have third child was approximately 0.67. In addition, the
proportion of a woman who is in a rural settlement with 3

Sub-urban
Settlement

TOTAL

PPR

SYMBOL

0

25

1

109

436

2

102

411

0.843478261

a0

3

85

302

0.701030928

a1

4

72

200

0.691176471

a2

5+

43

115

0.617021277

a3

TOTAL

436

43

0.425287356

a4

TFRc = 2.202898551

The fertility rate of women in a Sub-urban settlement
by method of PPR (Total fertility rate cohort, TFRc) was
approximately found to be 2.2per woman. The recognizable
stall in fertility was particularly motivated by the decrease
pattern in the parity progression ratios in the third and higher
ages. The probability of a woman who is in a Sub-urban
settlement with zero child and going on to have one child
was approximately 0.84. Also the probability of a woman
who is in a Sub-urban settlement with 1 child and going on to
have a second child was approximately 0.70. Again, the
probability of a woman who is in a Sub-urban settlement
with 2 children and going on to have third child was
approximately 0.69. In addition, the proportion of a woman
who is in a Sub-urban settlement with 3 children and going
on to have a fourth child was approximately 0.61. Finally,
the proportion of a woman who is in a Sub-urban settlement
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with 4 children and going on to have a fifth or more children
was approximately 0.42. Results from table 5 and 6 show a
fertility range of 2.2 - 2.5 children per women between rural
and semi-urban women in Ghana.
1
0.8
0.6
0.4
0.2
0

Rural PPR
Suburban PPR
1

Figure 2.
women

2

3

4

5

Graph of Parity Progression Ratios of rural and sub-urban

Fertility rates by the method of PPR showed that
sub-urban women have lower parity compared to rural
women (TFRc: 2.2<2.5). Figure 2 shows that parity
progression ratios of rural women were greater than that of
the sub-urban women for parities 1 and 2. However, beyond
parity 2, parity progression ratios of suburban women was
somewhat higher than rural women.
Table 7. CEB Data for Lower and Higher education level of cohort
followed from 2007-2017
Number of women

CHILDREN EVER BORN
0

1

2

3

4

5+

Low Education level (Primary
and Below)

24

223

156

96

83

64

Higher Education Level
(Secondary and above)

33

124

100

34

29

22

Table 8. Parity Progression Ratio for Low Education level (Primary and
below) of cohort followed from 2007-2017
CEB

Low Education level
(Primary and Below)

TOTAL

PPR

SYMBOL

0

24

1

223

2

156

622

0.962848

a0

3

96

399

0.641479

a1

646

4

83

243

0.609023

a2

5+

64

147

0.604938

a3

TOTAL

646

64

0.435374

a4

TFRc = 2.283281734

The fertility rate of women with Low Education level
by method of PPR (Total fertility rate cohort) was
approximately found to be 2.3per woman. The recognizable
stall in fertility was particularly motivated by the decrease
pattern in the parity progression ratios in the third and higher
ages. The probability of a woman who has Low Education
level with zero child and going on to have one child was
approximately 0.96. Also the probability of a woman who
has Low Education level with 1 child and going on to have a

second child was approximately 0.64. Again, the probability
of a woman who has Low Education level with 2 children
and going on to have third child was approximately 0.61. In
addition, the proportion of a woman who has Low Education
level with 3 children and going on to have a fourth child was
approximately 0.60. Finally, the proportion of a woman who
has Low Education level with 4 children and going on to
have a fifth or more children was approximately 0.44.
Table 9. Parity Progression Ratio for Higher Education Level (Secondary
and above) of cohort followed from 2007-2017
CEB

Higher Education
Level (Secondary
and above)

0

33

1

124

2

100

309

0.903509

a0

3

34

185

0.598706

a1

TOTAL

PPR

SYMBOL

342

4

29

85

0.459459

a2

5+

22

51

0.6

a3

TOTAL

342

22

0.431373

a4

TFRc = 1.906432749

The fertility rate of women with Low Education level
by method of PPR (Total fertility rate cohort, TFRc) was
approximately found to be 1.9 per woman. The recognizable
stall in fertility was particularly motivated by the decrease
pattern in the parity progression ratios in the third and higher
ages. The probability of a woman who has high Education
level with zero child and going on to have one child was
approximately 0.9. Also the probability of a woman who has
High Education level with 1 child and going on to have a
second child was approximately 0.60. Again, the probability
of a woman who has high Education level with 2 children
and going on to have third child was approximately 0.46. In
addition, the proportion of a woman who has high Education
level with 3 children and going on to have a fourth child was
approximately 0.60. Finally, the proportion of a woman who
has high Education level with 4 children and going on to
have a fifth or more children was approximately 0.43.
1.2
1
0.8
0.6

High Edu

0.4

Low Edu

0.2
0
1

2

3

4

5

Figure 3. Graph of Parity Progression Ratios of High and Low educated
women
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Table 10. Coefficientsa
Unstandardized Coefficients

Model

B

1

Standardized
Coefficients

Std. Error

Collinearity Statistics

Sig.

Beta

Tolerance

VIF

.846

1.182

(Constant)

1.055

.340

3.102

.003

Edu Level

-.331

.113

-.334

-2.924

.005

Settlement

-.247

.109

-.249

-2.276

.026

.924

1.082

category3

.319

.119

.294

2.671

.010

.911

1.098

Fertility rates by the method of PPR showed that highly
educated women have lower parity compared to those who
are less educated (TFRc: 1.9 <2.3). Figure 3 shows that parity
progression ratios of less educated women were generally
greater than that of the higher educated women except for
parities 4 and beyond which appear to be at par.
The covariates passed a Multicollinearity test (no
multicollinearity) where the computed values of variance
inflated factor (VIF) lie within acceptable range of 1-10
(Montgomery, 2010). The explanatory variables are not
strongly correlated among themselves.
Table 11. Model Summary
Step

-2 Log likelihood

Cox & Snell R
Square

1

72.150a

.270

Nagelkerke R
Square
.366

The Cox and Snell’s R squared and Nagelkerk R squared
values suggest that the model explains roughly 27% and
36.6% of the variation in the outcome respectively.

(B =1.999) and statistically significant (p<0.05). Informal
sector workers who are women are significantly more likely
(7.383 times) to have children beyond parity 3 than formal
workers.
Table 13. Means for Survival Time
Meana
Estimate

Std.
Error

3.931

semi-urban settlement
low education level
high education level
formal employment

Treatment

95% Confidence
Interval
Lower
Bound

Upper
Bound

.585

2.784

5.078

6.367

.630

5.132

7.601

3.733

.416

2.918

4.549

7.381

.498

6.404

8.358

6.900

.628

5.670

8.130

informal employment

4.500

.379

3.757

5.243

Overall

5.597

.243

5.121

6.072

rural settlement

B

S.E.

Wald

df

Sig.

Exp(B)

There seem to be quite some difference in the means for
survival time and it is important to test if this difference is
significant.

Edu Level

-1.740

.664

6.861

1

.009

.175

Table 14. Overall Comparisons

Settlement

-1.439

.676

4.534

1

.033

.237

Employment

1.999

.837

5.708

1

.017

7.383

Constant

2.821

2.040

1.912

1

.167

16.796

Table 12. Variables in the Equation

Step
1a

t

a. Variable(s) entered on step 1: Edu Level, Settlement, category3.

The table shows the output of variables in the equation
with a dichotomous dependent variable. The Education level
group has negative coefficient (B = -1.740) and statistically
significant (p<0.05). Women with higher Education (senior
high level and above) are significantly (0.175 times) less
likely to have the intent to have above 3 children than those
with lower level of education (below senior high level).
Again, settlement level has negative coefficient (B =
-1.439) and statistically significant (p<0.05). Women in
sub-urban settlement were found to be significantly (0.237
times) less likely to have children beyond parity 3 than those
in rural settlement.
Finally, the Employment level has positive coefficient

Chi-Square

df

Sig.

Log Rank (Mantel-Cox)

44.587

5

.000

Breslow (Generalized Wilcoxon)

39.535

5

.000

Tarone-Ware

41.880

5

.000

Test of equality of survival distributions for the different
levels of Treatment.
The results from all three statistics showed a statistically
significant result.
The survival plot shows that women with high education
level and those in formal employment have performed better
(they tend to have fewer children) followed by women living
in sub urban settlement.
The hazard function plot shows that the women who have
low education and those in informal employment have the
highest hazard in terms of fertility (they tend to have more
children than the other treatment categories) followed by
women in rural settlement.
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Figure 4. Survival Function Plot

Figure 5. Hazard Function Plot

4. Conclusions
This paper sought to estimate the effect of socioeconomic
variables such as education level, type of employment and
settlement type on the fertility rate of women in Ghana using
the method of cohort Total fertility rate (TFRc) computed
through parity progression ratios (PPRs) and the use of

survival and categorical analyses to determine the
relationship among the categories. The Kaplan Meier
statistics showed a significant difference for the six
categories. The hazard function plot showed that the women
who have low education and those in informal employment
have the highest hazard in terms of fertility (they tend to have
more children than the other treatment categories) followed
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by women in rural settlement. However, the survival plot
shows that women with high education level and those in
formal employment have performed better (they tend to have
fewer children) followed by women living in sub urban
settlement. Formal workers were found to have lower
fertility rate compared to informal workers (TFRc: 2.1<2.4).
Similarly, Sub-urban women were found have lower fertility
rate compared to rural women (TFRc: 2.2<2.5). Again,
highly educated women were found to have lower fertility
rate compared to those who are less educated (TFRc: 1.9
<2.3). Women with higher Education level (senior high level
and above) were found to be 0.175 times less likely to have
children beyond parity 3 in comparison with those with
lower level of education (below senior high level). Women
in sub-urban settlement were found to be 0.237 times less
likely to have children beyond parity 3 than those in rural
settlement. Again, informal sector workers who are women
were found to be 7.383 times more likely to have children
beyond parity 3 than formal workers. It was recommended
for population control education to be targeted at women in
rural settlements, those in informal sector as well as women
with little or no formal education.
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informal sectors of employment as well as women
with little or no formal education.
2. Ghana as a country must begin steps to improve upon
data preservation and accuracy in order to assure the
quality of data (example is in terms of age reporting)
used in research studies.
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examine their effect on fertility rates.

6. Future Research

As part of the recommendations of this paper,
1. Population control education or interventions should
to be targeted at women in rural settlements, those in

