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GLM analysis of Fertility Rates
Chapter 1 Introduction
  Since the twentieth century, fertility rates have decreased in the majority of European countries to levels that are significantly below those needed to provide generation replacement. The effects of fertility declining are not limited to society as a whole but extended to the well-being of individuals. These factors, in turn, lead an increasing number of women to postpone their first motherhood, or to abandon it altogether. 
Chapter 2 Data and Method
2.1 Data

  We use data from the European Social Survey ( ESS ) round 5-2010, designed to monitor and interpret changing public attitudes and values within Europe and to investigate how they interact with Europe’s changing institutions, secondly to advance and consolidate improved methods of cross-national survey measurement in Europe and beyond, and thirdly to develop a series of European social indicators, including attitudinal indicators. 
  What we interest is the fertility intentions. We use the following items to describe fertility intentions: “Do you plan to have a child within the next three years?” There are four categories in response variable: certainly not, probably not, probably yes, certainly yes. Some respondents did not report the fertility intentions, their response is coded as “ Not applicable”, “Refusal”, “Don’t know” and “No answer”. We excluded all individuals not reporting fertility intentions from the analysis. Another point should be noticed is that the question is asked if respondent aged 45 or under. So we should restrict the analysis to individuals aged 15-45, most involved in the reproductive process. 
 2.2 Method
  The data in analysis is hierarchically structured (respondents belong to different European countries), and the clusters have effects on fertility intentions. So we adopt multilevel modeling techniques to analyze.

  Since the response variable is ordinal, the ordered logit multilevel regression model with random effects is applied naturally. This model allowed for the grouping of observations into countries. Since clustering is not an occasional nuisance, but an intrinsic characteristic of the population, it is explicitly considered in the model (Snijders and Bosker 1999). 

  In the model, let i denote individual with 
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denotes the response variable of individual i of cluster (i.e., country) j (
[image: image4.wmf]J

j

n

i

j

,

,

1

,

,

,

1

L

L

=

=

) and 
[image: image5.wmf]ij

X

 is the corresponding vector of covariates, including both the individual level and country-level variables. 

  In the ordered logit model, there is an observed ordinal variable 
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 (i.e.,fertility intentions) which is in turn a function of an unobserved continuous response variable, 
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. The continuous latent variable 
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 has various threshold points, and the value on the observed variable 
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 depends on whether or not 
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 has crossed a particular threshold. The position on the latent variable determines which categorical response is observed. Specifically,
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where 
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 is the observed categorical variable, C is the number of categories, and 
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 are the thresholds. 

  As noted by McCullagh and Nelder (1989), assuming a continuous latent distribution underlying the categorical responses is not strictly necessary for use of generalized linear regression models like the kind presented here, but it does help interpretation.

  We have response probabilities:
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  The cumulative probabilities are given by:
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  With C categories, only C-1 cumulative probabilities are needed. 

  For a logistic regression we have the logit link function:
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  So we can specify a multilevel model using the cumulative probability with individual i living in country j
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 represents both the slope parameters for the individual(
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are the random effects representing unobserved factors at the country-level. Throughout the analysis we make the standard assumptions on random effects, namely: (1) the random effects are independent and identically distributed following a normal distribution with zero mean and an unknown, estimable variance
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; (2) the random effects are independent of the covariates. The minus sign preceding the linear predictor is necessary in order to interpret the effects of the covariates in the more natural way (i.e., a positive regression coefficient means that higher values of the covariate tend to yield higher values of the response variable).

  What should be noticed is that 
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 is constant for all categories. The model assumes parallel regression. The effect of predictor variables on the regression is that the entire structure is shifted. In the logit model this translates to the proportional odds model, which assumes that the predictors have the same effect on the odds for each category c. The assumption of proportional odds is equivalent to the assumption of parallel regression lines; when the structure is shifted, the slope of the regression lines does not change. 

  In our analysis the response variable is fertility intentions which is an ordinal variable. Therefore the proportional odds model is a natural choice. We can fit a proportional odds model with the following response variable:
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Chapter 3 Multilevel analysis
3.1 Individual level covariates

  In the present investigation the data allow us to set up a multilevel model where individuals are nested in countries.

  For individual level covariates, both demographic and socioeconomic factors should be considered. The individual covariates found to be significant are the respondent’s age, the presence of children, the age of the youngest child, educational level, partner’s educational level, the feeling about household’s income, subjective health status, partner’s employment, proportion of housework performed by women. Respondent’s employment, marital status, proportion of household’s income provided by men, main activity participated in are not significant. 

3.2 Country-level covariates
  Three country-level covariates are added: Total Fertility Rate (TFR), gender empowerment measure, and gender Inequality Index. The three country-level covariates are referred to the older generations and collected from the United Nations Development Programme (UNDP).
TABLE1 Description of the individual-level and the country-level covariates in the sample (20,046 individuals) (Source: Author’s elaboration on ESS round 5 data)

	Individual level covariates

	Variables
	N
	Percentage

	Age

	15-30
	9,426
	47.02

	31-40
	6,962
	34.73

	41-45
	3,658
	18.25

	Number of children up to age 13 in household

	Zero
	14.,086
	70.27

	One
	2,548
	12.71

	Two 
	2,589
	12.92

	Three or more
	823
	4.11

	Age of youngest child in household

	Without child living in household
	14,086
	70.27

	0-2
	943
	4.70

	3-5
	1,457
	7.27

	6-13
	3,560
	17.76

	Educational level

	Low and medium
	12,641
	63.06

	High 
	7,333
	36.58

	Partner’s educational level

	Low and medium
	5,702
	28.44

	High 
	4,370
	21.80

	Feeling about household’s income 

	Comfortable
	13,916
	69.42

	Difficult 
	5,770
	28.78

	Subjective general health

	Good
	16,167
	80.65

	Bad 
	3,861
	19.26

	Partner’s employment

	In paid work
	8,205
	40.93

	Not in paid work
	1,938
	9.67

	Country-level variables

	Variables
	Min
	Max

	Total fertility rate (per woman)
	1.27
	2.91

	Gender empowerment measure
	0.461
	0.909

	Gender Inequality Index
	0.039
	0.328


3.3 Model and estimation
  All models are fitted by maximum likelihood using suitable Stata commands, namely ‘ologit’ and the corresponding multilevel and random effects versions (‘melogit’). Fitting a model with normally distributed random effects is computationally demanding, as it requires the numerical approximation of some intractable integrals. 

  The programme is shown below:

meologit plnchld i.age1 i.chld13 i.youn13c  i.edure1 i.edupr1   i.income1 i.health3  c_totfer_2010 c_gem c_gii_2008 if female==1&childless==1|| cntry:  

  predict pr11,pr

predict re11,reffects

estat icc
Residual figure programme:
keep if female==1

sort cntry

qui by cntry: gen g=_n==1

summ f1 if g==1

gen u_m0s1=r(sd)

keep if g==1

gen rango_u_m0m1 =_n

twoway(scatter f1 rango_u_m0m1  , mlabel(cntry) xtitle("") ytitle("") mlabangle(vertical) /*

*/ mlabsize(medsmall) mlabpos(1) ylabel(-2(0.5)2))
  The multilevel analysis of fertility intentions relies on a random effects proportional odds model based on respondents without child living in household for females.
  The results from the model show that the propensity toward planning to have child within next 3 year (intentions positive) for those without child living in household decreases for people who are at older age stage ([31, 40] and [41,45]), or for individuals with bad health, or those whose partner is not in paid work. In contrast, the intentions tend toward positive for individuals who are with high educational level, or those whose partner holds high educational level, or for individuals with an income not comfortable. 

  In model for female (Table 2), there is one individual covariate not significant, income, and this variable has a negative correlation with fertility intentions, which means high income discourage women to have child. It is a little strange initially, however it can be explained by another way. Some literature shows that highly educated women (probably with higher income) tend to substitute child numbers with child quality (Becker and Lewis 1973). So having a higher income level implies there are higher opportunity costs associated with having children.
  Looking at the age stage, it’s easy to find that the fertility intentions change with the increasing of age. Respondents aged 30 to 45 will prefer not to have child within next 3 years compared to those younger. 

  Considering educational level, with higher educational level regardless of their own or partner’s, respondents tend towards positive fertility intentions. What is interesting and should be noticed is that better educated women are more prone to postpone having children than less educated women, consequently, they are more likely to have fewer children than they had initially intended.

  Health has negative effects on fertility intentions. It’s quite obvious. Imaging respondents with very bad health, they will not only consider for themselves, but also should consider the health level of child to be born. Finally, they might prone not to have child recently.

   One point interesting is that the proportion of housework performed by women is only significant in Table 2 which is based on data for female. That is to say, female pay more attention to housework and gender equality in household compared to male, as a result, if women perform large proportion of housework, they will have negative fertility intentions. Several articles predict that fertility has positive relation with gender equality.
  The country-level covariate, Total Fertility Rates, has positive effect on fertility intentions, which means that for those European countries with higher fertility rate (e.g., Ireland and France) people prefer to positive fertility intentions. However the other two country-level covariates, gender equality index and gender empowerment, obtain negative effects, indicating that serious gender inequality and respondents’ paying more attention to political and economic forums will reduce their intentions for having child. The Gender Empowerment Measure (GEM) measures the extent of gender inequality across the globes’ countries, based on estimates of women’s relative economic income, participations in high-paying positions with economic power, and access to professional and parliamentary positions. Country with high GEM indicates that women have more adequate right to participate in economic and political decision making, which will probably result in less time spent in family, leading to negative fertility intentions indirectly.
Table 2 Fertility intentions: outcomes from step-wise multilevel ordered logistic models estimated for women without child up to age 13 living at household (Source: Author’s elaboration on ESS round 5 data)

	
	Model 1
	Model 2
	Model 3

	
	Beta 
	S.E.
	P>|z|
	Beta 
	S.E.
	P>|z|
	Beta 
	S.E.
	P>|z|

	Individual variables

	Age
	

	base:14-30
	
	
	

	31-40
	-1.58
	0.10
	0.00
	-1.60
	0.10
	0.00
	-1.54
	0.10
	0.00

	41-45
	-3.37
	0.12
	0.00
	-3.39
	0.12
	0.00
	-3.33
	0.12
	0.00

	Educational level
	

	base:low and medium
	
	
	
	
	
	
	
	
	

	High 
	0.43
	0.09
	0.00
	0.43
	0.09
	0.00
	0.41
	0.10
	0.00

	Partner’s educational level

	base:low and medium
	
	
	
	
	
	
	
	
	

	High 
	0.28
	0.09
	0.00
	0.27
	0.09
	0.01
	0.24
	0.10
	0.01

	Feeling about household’s income 

	base:comfortable
	
	
	
	
	
	
	
	
	

	Difficult 
	0.01
	0.10
	0.89
	0.07
	0.10
	0.48
	0.09
	0.10
	0.41

	Subjective general health

	base:good
	
	
	
	
	
	
	
	
	

	Bad 
	-0.39
	0.10
	0.00
	-0.27
	0.10
	0.01
	-0.26
	0.11
	0.01

	Partner’s employment

	base:in paid work
	
	
	
	
	
	
	
	
	

	Not in paid work
	
	
	
	-0.35
	0.13
	0.01
	-0.41
	0.14
	0.00

	Housework a
	
	
	
	
	
	
	-0.27
	0.10
	0.01

	Country-level variables

	Total fertility rate (per woman)
	0.04
	0.17
	0.82
	0.05
	0.17
	0.77
	0.06
	0.19
	0.77

	GEM b
	-2.08
	1.02
	0.05
	-2.03
	1.02
	0.05
	-1.78
	1.13
	0.12

	GII c
	-3.53
	1.66
	0.03
	-3.49
	1.66
	0.03
	-2.70
	1.84
	0.14


  a Housework: proportion of housework performed by women; b GEM: gender empowerment measure; c GII: gender inequality index.

Figure 1 Predicted probability for fertility intentions for females without child living in household (Source: Author’s elaboration on ESS round 5 data) a
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 a Note: baseline is Age [14,30], low and medium educational level, low and medium educational level of partner, comfortable income, good health, partner in paid work.

Figure 2 Error bar plot of country-level residuals (comparison between null model and contextual model for childless females) 

(Source: Author’s elaboration on ESS round 5 data)
  1. Country-level: null model
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  2. Country-level: contextual model

[image: image29.emf]FI

SE

IE

SI

CY

CZ

HU DK

NO

GB

UA

EE

BG

PL

NL

CH

SK

DE

RU

BE

FR

HR

IL

PT

GR

ES

-2

-1.5

-1

-.5

0

.5

1

1.5

2




_1234567897.unknown

_1234567905.unknown

_1234567909.unknown

_1234567911.unknown

_1234567913.unknown

_1234567914.unknown

_1234567915.unknown

_1234567912.unknown

_1234567910.unknown

_1234567907.unknown

_1234567908.unknown

_1234567906.unknown

_1234567901.unknown

_1234567903.unknown

_1234567904.unknown

_1234567902.unknown

_1234567899.unknown

_1234567900.unknown

_1234567898.unknown

_1234567893.unknown

_1234567895.unknown

_1234567896.unknown

_1234567894.unknown

_1234567891.unknown

_1234567892.unknown

_1234567890.unknown

