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Stepwise Geoadditive Modelling of
the Ideal Family Size in Nigeria

Nijerya’da Ideal Aile Biiyiikliigiiniin
Agamali Jeotoplamsal Modellemesi

ABSTRACT Objective: Family size substantially contributes to an improved child and mater-
nal well-being and economic growth of a nation. In this paper, we aim at determining possible
determinants of ideal or preferred family size as desired by married women in Nigeria. Materi-
al and Methods: An extracted dataset from the 2013 Nigeria Demographic Health Survey were
analysed using a Bayesian stepwise approach that involves simultaneous selection of variables
and smoothing parameters. The model is geo-additive - it allows for geographical variations
at a micro level of states, as well as both linear and nonlinear effects of variables to be inves-
tigated. Within a Bayesian context, we assigned appropriate priors on all the parameters and
functions. Results: Findings reveal that substantial geographical variations in the preference
of family size exist across the states. Further, the results from the spatial analysis showed that
married women from the Northern states have the desire for more children, as compared to
their southern counterparts. Respondent’s level of education, type of marital union, sex of
household head, age, wealth index, religion, working status, and the number of siblings are
significantly associated with their ideal family size. Mother’s age at first birth is significantly
non-linearly related to the ideal family size. Conclusion: Government and policymakers need
to pay attention to findings from this study, as it can help in designing better strategies that
will enable the attainment of the Millenium Development Goals that are firmly related to
fertility and family sizes.

Keywords: Geoadditive models; spatial analysis; stepwise regression; Bayesian inference;
Family size

OZET Amag: Aile bityiikliigii, gelismis bir gocuk ve anne refahina ve bir ulusun ekonomik
biiylimesine biiyiik cl¢lide katkida bulunur. Bu makalede Nijerya’da evli kadinlar tarafindan
istenen ya da tercih edilen aile biyiikligtintin olas: etkenlerini belirlemek amaglanmaktadir.
Gereg ve Yontemler: Nijerya Demografik Saglik Calismas1 2013’ten elde edilen veri seti diizles-
tirme parametrelerini ve eszamanl degisken se¢imini iceren asamal1 Bayes yaklagim ile analiz
edilmistir. Model jeotoplamsaldir. Bu modelde degiskenlerin hem lineer hem de lineer olmayan
etkilerinin aragtirilmasinin yam sira eyaletler arasinda cografik varyasyonlarin mikro diizeyde
arastirilmasina olanak saglamaktadir. Bayesian yapisi icinde tiim parametrelere ve fonksiyonla-
ra uygun 6nsel degerler atanmigtir. Bulgular: Bulgular eyaletler arasinda aile biytikligi terci-
hinde 6nemli cografi degisikliklerin oldugunu géstermistir. Ayrica spatial analizden elde edilen
sonuglara gore giineylilerle karsilagtirildiginda kuzeydeki eyaletlerdeki evli kadinlar daha fazla
gocuk sahibi olmak istemektedir. Denegin egitim diizeyi, evlilik birligi tiirii, hane reisinin cinsi-
yeti, yas, gelir indeksi, din, ¢alisma durumu ve kardes sayzs1 ideal aile biiyiikliigii ile anlaml ola-
rak iligkili bulunmustur. Annenin ilk dogumadaki yas: ideal aile biiyiikliigii ile dogrusal olmayan
y6nde anlaml olarak iligkilidir. Sonug: Aile biiyiikliigii ve dogurganlik ile iligkili olan Bin Yillik
Kalkinma Hedeflerine ulagilmasini saglayacak daha iyi stratejiler belirlenmesinde yardimci ola-
cag icin Hiikiimet ve politikacilar bu galigmanin sonuglarina dikkat etmelidir.

Anahtar Kelimeler: Jeotoplamsal modeller; spatial analiz; agamali regresyon;
Bayes yaklasimi; Aile biytklugi
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deal family size is a measure of a person‘s preferred family size. Similarly, put it differently by referring
Ito ideal family size as the desired number of children in one‘s lifetime.! Family size in Africa has long
been a topical issue.>* Precisely, Nigeria, as the most populous country in Africa and one of the fastest
population growth rate in the world has been more studied in terms of family size.>” These studies, apart
from investigating the determinants of family size, have shown its impact on maternal and child health,

economy and the society at large.

Information on ideal family size or fertility preferences considerably aids family planning programs be-
cause planners can use it to assess the desired number of children, as well as the extent of unwanted
pregnancies. Furthermore, it helps in understanding future reproductive behaviour. Ideal family size is an
important indicator of fertility preferences that provides information on the number of children that an
individual or married couples desire.?

Previous studies investigated family size as a function of fertility level or the number of children given
birth to, but in this paper, we focused mainly on the ideal family size, which is a function of mindset and
not the actual fertility level.> *¢ Although many studies investigated fertility levels in Nigeria, we are yet
to come across any that studied ideal family size or fertility preferences. Additionally, the majority of
these studies on fertility levels utilized the traditional Poisson regression model, in which the assumption
of linear dependence on the outcome variable, for continuous covariates, have been termed as being too
rigid in many real-life applications.’

In this study, we adopted a stepwise geo-additive regression model, which simultaneously screens pre-
dictor variables and jointly estimate the fixed effects, nonlinear effects of continuous covariates, spatial
effects and possible random effects accounting for unobserved heterogeneity.'® Utilizing the NDHS (Nige-
ria Demographic Health Survey) data, we explore fertility preferences using the ideal number of children
desired by married women in Nigeria.

I MATERIAL AND METHODS
DATA

We used the data extracted from NDHS for 2013 (www.measuredhs.com). NDHS data is a nationally
representative sample, which provides information on fertility and family planning, as well as demog-
raphic and health indicators, for both women and men in the age bracket of 15-49. The survey got an
ethical clearance from measuredhs as approved by the ethical committee of ICF Macro (Calverton, MD,
USA). Details of this data have been described elsewhere.!! From the data including 38948 respondents,
we selected 23403 married women of childbearing age. Our choice of predictor variables was informed
by some social, economic, and demographic variables that have been found from the literature to have
an association with family size preference. Description of the variables extracted from the data can be
found in Table 1.

The geographical information of the respondents was extracted in the form of a boundary file, which was
re-coded to match the 36 states and the Federal Capital Territory (FCT). Nigeria comprises six large geo-
political zones, which are sub-divided into 37 administrative states, as shown in Figure 1.

METHODS

We will briefly describe the structured additive regression (STAR) or geo-additive model used in our
analysis. Given that we used a Bayesian setup, the models will additionally be described from a Bayesian
perspective.
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TABLE 1: Description of variables included in the analysis.

Variables Description

siblings Number of siblings of the respondent

edul Respondent’s level of education

male Sex of the household head

working Respondent’s working status

religion Religion
motherAge Age of the respondent

marrageBirth Interval of marriage to first birth (in months)

Legend
[ Morth Central Region
[ | North East Region
|| North West Region
B south East Region
[ south South Region
[ South West Region

FIGURE 1: Map of Nigeria showing the states of location.

Geo-Additive Model

We assume that there are observations (y,, v,, x,, s,) indexed i (i =1, . . ., n), where y, is the ideal family
size, assumed to be Poisson distributed; v, is a vector of categorical covariates; x, is a vector of conti-
nuous covariates; s, is the state where the ith respondent lived at the time of the survey. We adopt the
STAR model, which have the following form:

=V B+ EL ) + 2 8(%0%,) + £,,(8) @)
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Where fis a vector of fixed effect parameters; the function £ are nonlinear smooth functions of the con-
tinuous covariates; g, are the interaction effects of continuous covariates x, and x’;; f;}m are the spatial
effects of location s, and b, is the unit or individual random effects.

The STAR model above, proposed by, which reflects the focus of methodological research in this study,

has its roots from the generalized additive model.'>'*

Specification of Bayesian Prior Distributions and Hyper-Parameters

As required for Bayesian inference, appropriate priors are assumed for the parameters and functions. In-
dependent diffuse priors are usually assumed on the fixed effects parameters, while the Bayesian P-splines
priors are assumed for the non-linear effects.’>'® The smoothness of function fis achieved by considering
first-order Gaussian random walk:

B = ﬁj—l +€, 2)
Or second-order random walk:
ﬁlzzﬁj-l_ﬂj-2+ € ®3)

Where Bare B-splines, €, are i.i.d. errors~ N (0, ¥°). ¥~ controls the smoothness of the function £ and
it has a weakly informative and highly dispersed inverse gamma prior which is achieved by choosing hy-
perparameters a and b that are very small.

For the spatial effects, a Gaussian Markov random field (GMRF) prior, is usually assumed."”

GMREF: (£_(s)/ £ _(t);t#s,¥*) " N(X,_ f (t)/N,¥"/ N, (4)

spat spat tesg " spar

Where N_is the number of adjacent states of s, and §_are the neighbours of state s. ¥? and the inverse of
N, control the amount of deviation the effect of state s is allowed from its prior expectation. The spatial
variance ¥~ also assumes an inverse gamma prior distribution.

Posterior Distribution

If we let 6= (£ £ ) be a vector of non-linear effects parameters, ¥ to represent the vector of all variance com-
ponents, and fto be the vector of all fixed effects parameters, the posterior distribution will take the form:

P(6, ¥, Aly) o« P(y|6. B, ¥) P(6) P(B) P(¥) 5)

The posterior distribution in equation (3) is analytically intractable and does not have a closed form.
Therefore, MCMC simulations using a Gibbs-sampling algorithm are usually employed to estimate the
unknown posterior distribution. See the work of for full details about Bayesian inference and MCMC.*?

DATA ANALYSIS

We explored the response variable, the desired family size, using its summary statistics and histogram.
In fitting the STAR model in equation (1), given that the decision as to which of the covariates enter the
model, whether continuous covariates enter linearly or nonlinearly, as well as possible interactions of the
continuous covariates, are often challenging to make apriori, we adopted the Bayesian stepwise regressi-
on. This stepwise regression procedure, proposed by, performs variable selection and estimates parameter
effects simultaneously.'* Inference at this model selection stage is based on a penalized likelihood approa-
ch for estimating the STAR model, to minimize the AICc — the goodness of fit measure. MCMC algorithms
are partly used for computing the interval estimates.
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Given the response variable y, ~ Poisson(y,), the following equation is fitted:

=V, B+ 27 £(x) + L8, (X X,) + £,,(5) + b, 6)

spat’
Where p is the mean desired number of children, v, are covariates assumed to have fixed effects, namely; si-
bings, urban, edul, edu2, male, wealth, working, working2, religion, polygamy; xare continuous covariates
assumed to have non-linear effects, namely; motherAge, ageBirth, marriageBirth; s,= (1,2,...,37) is the state
of residence for the izh respondent, and b, is the the individual or unit-specific effects. The function £ are
non-linear smooth functions of the continuous covariates, g, estimates interaction effect of motherAge’age-
Birth, and fspat is the vector of spatial effects. (See the full forms of the coded variables in Table 1).

After model selection, the subsequent inference was Bayesian: For the non-linear effects parameters,
we assumed a second-order P-splines; diffuse priors were assumed for the fixed effects parameters, and
a Gaussian Markov random field prior was assumed for the spatial effects parameters. For the variance
parameters, we utilized standard choices of a=b=0.001; however, as a form of sensitivity analysis, random
alternatives of a and b values were also examined for a significant change in results.'”® We carried out 12000
MCMC iterations while thinning out the Markov chain at every 10* iteration, which leads to a random
sample of size 1200 for every parameter.

The data were analysed using the R2BayesX package (version 0.3-1) of the R statistical software.

I RESULTS

We present the results based on the data analysis earlier described. Descriptive statistics of the dependent
variable, the ideal family size for married women, shows that the mean equals 6.5 (range 0-30) and varian-
ce equal to 9.91. The histogram of the dependent variable, as shown in Figure 2, shows that the values are
non-negative and moderately skewed, which are typical of a count data, and are usually assumed to follow
a Poisson distribution. Results from the stepwise regression procedure final model, which was achieved
with an AICc value of -315248, produced a more parsimonious model than the full model. For instance,
urban, working2, marriagebirth, age’agebirth interaction, and the individual or unit-specific effects (See
the complete forms of the coded variables in Table 1) were excluded from the model. Further, the respon-
dent’s age at first birth which was initially specified as non-linear was estimated linearly.

Findings are discussed based on the fixed effects, nonlinear effects, interaction effects of continuous cova-
riates, and spatial effects. For the mappings, spatial effects are regarded as significant if the 95% credible
interval of the MCMC sample does not contain zero.
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FIGURE 2: Histogram of ideal family size, based on the NDHS 2013 data.
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FIXED EFFECTS

The estimates of the posterior mean of the fixed effects and their corresponding credible intervals can be
found in Table 2. Findings indicated that the number of siblings the respondent have was significantly
related to their family size preference, with a higher number of siblings increasing the desire for more
children. Respondent’s level of education was significantly associated with the ideal family size, with
respondents having primary schooling, secondary or higher education, preferring a smaller family size,
compared to those without any formal education. The effects increased in magnitude as the level of edu-
cation moved from primary to higher education, as observed from the coefficients. Though not significant,
the same pattern was found for the respondent’s husband’s level of education.

The respondent’s wealth index was significantly related to the ideal family size: women with a higher we-
alth index, relative to being poor, desired bigger family size. Women who head their households wanted
fewer children than those led by their husbands. On the working status of the women, the results show
that working women are associated with a bigger ideal family size than those who are not working.

TABLE 2: Fixed effects estimates of posterior means with 95% credible interval.

95% Credible Intervals

Predictor Posterior mean Standard Deviation Lower Upper
Constant 1.5170 0.0335 1.4485 1.5806
Respondent's level of education
No education (ref) 0
Primary -0.0213 0.0081 -0.0365 -0.0048
Secondary -0.1041 0.0090 -0.1234 -0.0866
Higher -0.1826 0.0141 -0.2095 -0.1548
Husband's level of education
No education (ref) 0
Primary -0.0134 0.0074 -0.0274 0.0011
Secondary -0.0065 0.0083 -0.0230 0.0093
Higher 0.0076 0.0108 -0.0133 0.0294
Religion
None/Traditional(ref) 0
Christianity -0.0874 0.0207 -0.1257 -0.0435
Islam 0.0482 0.0202 0.0118 0.0881
Type of marital union
Monogamy (ref) 0
Polygamy -0.0094 0.0053 -0.0197 0.0008
Sex of household head
Female(ref) 0
Male 0.0457 0.0076 0.0308 0.0610
Wealth index
Poor (ref) 0
Average -0.0578 0.0067 -0.0710 -0.0435
Rich -0.1402 0.0105 -0.1610 -0.1204
’r\é‘;’:f,fg;;f’b””gs of 0.0066 0.0009 0.0047 0.0084
Respondent's age 0.0079 0.0003 0.0073 0.0085
Respondent's working status
Not working (ref) 0
Working 0.0304 0.0053 0.0202 0.0409

Note: ref denotes the reference category.
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Though not significant, women who are in a polygamous marital union desired a fewer number of child-
ren than their monogamy counterpart. The age of the women had a positive linear relationship with the
ideal family size, with the fertility preference increasing as their number of years of age increased. Rela-
tive to women who practised a traditional religion or had no faith, women who practised Islam desired
bigger family size; while those who practised Christianity preferred smaller family size.

NON-LINEAR EFFECTS

The result of the non-linear effects of the respondent’s age at first birth is shown in Figure 3. Respondents
who gave birth to their first child at an early age wanted more children, with a declining trend observed
from the ages of 12-18, and a slight increase from the period of 18-22 years; however, a sharp increase was
noticed between the ages of 23 and 30 years.

SPATIAL EFFECTS

Figures 4 and 5 show the results of spatial effects in the fitted model. Figure 4 shows the posterior estima-
tes of each of the states. In Figure 5, the states shaded in red colour have a significantly higher posterior
estimate, while those blue colour have significantly lower posterior estimates. The grey-shaded states
do not have significant spatial effects. There is an interesting North-South spatial pattern: Respondents
in the majority of the northeastern states like Borno, Yobe, Bauchi, Gombe, Adamawa, as well as all the
northeastern states, are significantly associated with bigger preferred family size. All the southwestern
and north-central states, as well as some states, like Rivers, Akwa Ibom, Imo, Abia, Cross River are signifi-
cantly associated with preference for bigger family size. Bayelsa, Ebonyi and Enugu are the only southern
states that are significantly associated with bigger preferred family size. However, this spatial pattern is
not significant for some states, like Taraba, Benue, and Anambra.
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FIGURE 3: Non-linear effect of mother’s age at first birth with their corresponding 95% credible intervals.
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e |

FIGURE 4: Map of Nigeria showing the spatial effects in terms of the posterior mean.

o

FIGURE 5: Map of Nigeria showing the significance of the spatial effects using its 95% credible interval.
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I DISCUSSION

In this study, we utilized a geo-additive model, using the Bayesian stepwise regression approach,
to investigate the determinants and spatial patterns of the ideal or preferred family size of married
women in Nigeria. Rather than relying only on theory to dictate the variables to be included in the
model, the stepwise regression approach permits automatic screening of variables to be included in
the model and also specifies the form that a continuous covariate enters the model (whether linearly
or nonlinearly).

Similar to findings from related studies, our study found that higher educational attainment reduces the
preferred family size of women in Nigeria.*¢ Therefore, an effective intervention that will encourage
women’s education should be designed for Nigeria to achieve the planned reduction of 0.6 children
every five years. As expected, because Islam does not promote conservatism and monogamy, our study
agrees with previous related studies that found evidence of a higher number of preferred children for
Muslim women.? Similar to, we found that women with a relatively higher wealth index preferred
smaller family size.?! Further, contrary to expectation, we found that working women wanted more
children than those who do not work. Kazembe had similar findings.* Further investigation may be
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required as to the other factors that explain the high fertility preference among married working wo-
men, as done in.?

The assumption of linear dependence is often too rigid in many complex real-life applications: The clas-
sical parametric regression models for analysing count data have severe problems with estimating small
area effects, like state of residence as we have in this study, and simultaneously adjusting for other cova-
riates, particularly when some covariates have non-linear or time-varying effects. For example, modelling
mother’s age at first birth linearly, in this study, would have insufficiently captured the actual impact in
the model. Further, an unusually high number of parameters will be needed for the modelling purposes,
which may result in unstable estimates with high variance. Therefore, the adoption of the flexible geo-ad-
ditive model in this study is justified, as it allows us to incorporate small area spatial effects, non-linear or
time-varying effects of covariates and common linear effects in a joint model.

This study adequately provides information on the spatial pattern of married women’s preferred family
size at the state level, which serves as uniqueness and strength of the adopted model. However, as with
most cross-sectional surveys, this study cannot make a causal inference. Another limitation of this study is
that the available NDHS data that was utilized is not recent. Consequently, we plan to extend our analyses
to the next available NDHS data in future studies.

I CONCLUSION

This study complements the existing body of knowledge on fertility-related studies by investigating the
determinants and spatial patterns of ideal family size in Nigeria. Particularly interesting is the regional
divide we found in the pattern of the preferred family size for the 37 states of the country. Modelling
fertility preferences may assist in designing effective interventions leading to an improved child and ma-
ternal well-being and economic growth. Family size is directly or indirectly linked with four of the seven
components of the Millennium Development Goals (MDGs), which are (i) eradicating extreme poverty,
(ii) achieve universal education, (iii) reduce child mortality, and (iii) improve maternal health. Therefore,
if findings from this study are used judiciously, government and policymakers will be able to design better
strategies that will enable the attainment of these goals.
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