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ABSTRACT
Bangladesh, one of the world’s poorest countries, has experienced a
dramatic decline in fertility since 1985, with a decline in the total
fertility rate from 5.5–2.1. International researchers have debated
the reasons for this rapid decline, with some studies attributing it
primarily to family planning programmes and others pointing at
the simultaneous increase in the education of women and other
socioeconomic factors. Using data from seven-rounds of the
Bangladesh Demographic Health Survey (BDHS), we
comprehensively review fertility trends by reconstructing cohort
and period fertility indicators by educational attainment. Multilevel
regression shows a robust negative association between fertility
and educational attainment at the individual and community
levels. Pathway’s analysis reveals that female education has a
significant effect on declining fertility desires dominating all other
effects. Increased women’s education and the associated diffusion
of smaller desired family size might be the primary factor driving
the impressive fertility decline in Bangladesh.
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1. Introduction

Bangladesh is a prominent country of study for demographers wanting to demonstrate
the effectiveness of family planning programmes. One of the world’s poorest countries,
it has experienced a steep decline in fertility; from a total fertility rate (TFR) of 5.5 in
1985, to 3.7 in 1995, to 2.1 in 2017 (The World Bank, 2019). Given the concentrated
efforts at family planning and the low economic development over these years, studying
Bangladesh seems like a sort of natural experiment that can help isolate the effects of
these two possible drivers of the decline in fertility, which in many other countries
tend to change together. A recent prominent paper on population growth and climate
change (Bongaarts & O’Neill, 2018) singled out Bangladesh as an example that family
planning programmes work and are effective at kerbing population growth.
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However, a closer look at the available data and in-depth studies of the drivers of the
decline in fertility in Bangladesh reveals that the evidence for this strong claim is surpris-
ingly fragmentary. In particular, the educational attainment of women of reproductive
age has increased roughly in parallel with a decline in the birth rate. Figure 1 illustrates
this with age and education pyramids for the years 1985 and 2015. The figure shows
the change from a very large proportion of children together with the majority of
women of reproductive age having no education at all (dark red) to the majority of
women having a primary education or higher at the bottom of the pyramid. More than
half of the youngest cohorts even have a secondary education, as we discuss later.
Many other studies also point to the important role of education in the decline in fertility
in Bangladesh.

In this context, we comprehensively assess fertility trends by merging data from seven
rounds of BDHS between 1993 and 2014 and constructing cohort histories and period
rates by education level. Using multilevel analysis, we also re-examine the relative
effects of changes in education and different family planning efforts and usage indicators
after controlling for other factors. The advantage of using a multilevel approach is that it
considers the direct compositional effect of improving educational attainment and
addresses spill-over and diffusion effects at the local level.

This study contributes to a long-standing debate among demographers and health
researchers about whether the education of females or family planning programmes is
the main factor driving declines in fertility and thus should receive priority when the
goal is to kerb rapid population growth. A long tradition of research has highlighted the
impact of educating females on bringing fertility within the calculus of conscious choice
(Coale, 1973), enhancing the numeracy in desired family size (Van van de Walle, 1992),
increasing the mean age at marriage, empowering women to pursue their desire for a
smaller family vis-à-vis their husbands, and increasing the opportunity cost of children
(Basu, 2002; Bongaarts, 2010; Cleland, 2002; Jejeebhoy, 1996; Kravdal, 2002; Lutz &

Figure 1. Population pyramids (in millions) with medium SSP2 scenario by education for (a) 1985 and
(b) 2015, Bangladesh Source: Wittgenstein Centre (2018)
Note: The population component of SSP2 is a middle-of-the-road scenario that can be seen as the most likely path for a
country. It combines medium fertility with medium mortality, medium migration, and the Global Education Trend edu-
cation scenario.
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Skirbekk, 2013; Martin & Juarez, 1995). However, it has also been argued that family plan-
ning programmes have been highly effective by providing easier access to contraception,
promoting the advantages of smaller families, or often doing both. These studies mostly
point to Asian countries that have experienced accelerated declines in fertility in a short
period, such as Bangladesh, Indonesia, and Iran (Angeles et al., 2005; Carty et al., 1993;
Cleland et al., 1994; Erfani & McQuillan, 2008; Gertler & Molyneaux, 1994). Of course, the
two approaches—educating females and family planning—are not mutually exclusive,
and it has also been argued that they reinforce each other (Bongaarts, 2017; Lutz, 2014).

We first briefly discuss fertility in Bangladesh and summarise previous studies on the
topic. Next, we describe the data and the methods used to sequence seven rounds of
the surveys to identify trends in age- and education-specific fertility by cohort and
period. Then we discuss data and evidence for available family planning efforts and
outcome indicators over time. Finally, we define the multilevel statistical model and
apply it to individual round of BDHS and a merged data set. We conclude with a
summary of our findings and some discussion.

2. Fertility trends in Bangladesh

The rapid decline in fertility in Bangladesh since 1980 has caught the attention of inter-
national researchers and policymakers for several reasons. First, Bangladesh was one of
the world’s poorest countries when it experienced the steep decline in TFR. Until 1980,
Bangladesh had a higher fertility rate than most other countries in South Asia (see
Figure 2), but after that it experienced a more rapid decline than the other countries.
Second, as a rare exception in the history of fertility transitions worldwide, the decline
in fertility in Bangladesh began at a relatively high level of under-5 mortality. It was still
above 200 per 1,000 births in 1975–1980, which means that 1 out of 5 children died
before reaching age 5. Finally, Bangladesh underwent a substantial socioeconomic trans-
formation when fertility started falling, triggering efforts by researchers to disentangle the
drivers of and better understand the demographic transition, to ultimately apply their
findings in high-fertility countries.

Figure 2. Trends in fertility estimates for South Asian countries according to UN-WPP Source: United
Nations (2019).
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In Bangladesh, family planning activities were carried out in three distinct phases. In
phase I in the early 1950s, activities were mostly voluntary. In phase II in the 1960s, the
government took broader steps to check population growth. Population control was
officially adopted in Pakistan’s First Five-Year Plan (1960–1965). During these two
phases, Bangladesh was a part of Pakistan. In phase III, after Bangladesh achieved inde-
pendence in 1971, the first Five-Year Plan of Bangladesh was launched with the clear pri-
orities of population control and food production. Phase III also marked the beginning of
a comprehensive multi-sector, broad-based population control and family planning pro-
gramme (Khuda & Barkat, 2012).

2.1. The impact of family planning on the decline in fertility in Bangladesh

There is an unresolved debate over the impact of family planning on fertility in Bangla-
desh. Until the mid-1980s, government family planning programmes had little success,
despite expending considerable effort and money to reduce fertility. According to an
analysis of data from the Poverty and Fertility Survey conducted in 1977 in four rural
areas of the country, the modest increase in the use of contraceptives in Bangladesh
had no significant impact on fertility (Amin et al., 1985). This study found that child mor-
tality and the use of contraceptives were positively related to the number of children
born. The positive correlation between the use of contraceptives and the number of chil-
dren born can be explained by the fact that the use of contraceptives usually began late in
a couple’s reproductive life. This implies that although contraceptives play some role in
depressing fertility at higher parities, high child and infant mortality and secondary steri-
lity (at higher ages) dominated the fertility pattern in Bangladesh in the study period.
Many other studies in this period confirmed that at the family level, the benefits of prac-
tising contraception were minimal (Arthur & McNicoll, 1978; Cain, 1981, 1983; Demeny,
1975; Khuda, 1978). Analysing trends in the use of contraceptives between 1969 and
1983, Amin et al. (1987) found a steady increase in conception among all women of all
subgroups, irrespective of place of residence, education, or parity. However, women of
high parity, women with more education, and those living in urban areas were more
likely to use contraceptives (Amin et al., 1987). Comparing trends in family size prefer-
ences and the use of contraceptives in treatment and comparison areas in Matlab, Ban-
gladesh, Koenig et al. (1987) inferred that although education, modernising influences,
and growing diversity contributed to changes in reproductive preferences, maternal
child health and family planning programmes were successful in addressing reproductive
preferences in the treatment area.

The debate over fertility in Bangladesh intensified with the publication of studies (Carty
et al., 1993; Cleland et al., 1994) that attributed the decline in fertility to increased use of
contraceptives. Cleland et al. (1994) concluded, that it is unnecessary and indeed implau-
sible to invoke economic change and shifts in the utility of the children as the central
determinant. Carty et al. (1993) concluded that no change was needed in economic devel-
opment, urbanisation, the employment of women, or education for family planning to
succeed. They pointed to the critical importance of sustained political commitment to
an effective family planning programme adopted and pursued at the highest government
levels (as stated in Caldwell et al., 1999). Arends-Kuenning (2001) demonstrated that visits
from family planning workers affected women’s contraceptive behaviour by decreasing
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contraception costs. Women from programme villages experienced long-term conse-
quences of outreach programmes in terms of increased birth spacing, lower child mor-
tality, improved health, and greater use of preventive health inputs (Joshi & Schultz, 2013).

Another feature specific to Bangladesh is the long series of data from in-depth studies in
the Matlab project. Sinha (2005) found that women exposed to intensive family planning
programmes in the Matlab area had a 14 per cent reduction in lifetime fertility. That study
concluded that family planning programmes were highly successful at reducing fertility.
Using data from the 1991 Contraceptive Prevalence Survey of 11,065 women, researchers
found that the most significant determinant of using modern contraceptive methods in a
rural area was a visit by a Family Welfare Assistant within the past 3 months. After the
Family Welfare Assistant visit, the odds of use for rural women increased 8 times, whereas
the odds of use for urban women increased 2.6 times (Kamal & Sloggett, 1996). A study
of 141 villages in Matlab from 1974 to 1996 confirmed a decline in fertility of about 15
per cent in programme villages (which received door-to-door outreach family planning
and maternal/child health programmes) compared to control villages (Schultz, 2009).

It is interesting that a more recent study assessing the achievements and limitations of
the Bangladesh Family Planning Programme concluded that the programme achieved
commendable success until the mid-1990s, then slowed, resulting in a stalling or near
stagnation in fertility in recent years (Khuda & Barkat, 2012). It suggested that an
erosion in political will and government commitment after the mid-1990s together
with high adolescent fertility and sharp differences in fertility by socioeconomic status
led to a plateau in fertility.

2.2. The impact of education and other factors on the decline in fertility in
Bangladesh

According to Caldwell et al. (1999), Bangladesh has undergone a great transformation as a
result of urbanisation (which increased from 6 per cent in 1965–20 per cent in 1997),
improvements in the Human Development Index (which saw about a 45.5 per cent
increase between 1960 and 1980), a massive increase in the number of girls attending
primary school and high school (70 per cent and 60 per cent, respectively, between
1973 and 1986), and improvements in many other indicators (e.g., the number of villages
with electricity, the number of doctors and nurses). These researchers strongly refuted the
notion that family planning programmes alone were responsible for the decline in fertility.
However, they may have impacted the timing of the onset of the decline in fertility and
the pace of the decline.

Some qualitative studies have also concluded that family planning programmeswere not
successful. In-depth interviews of 104 women and 92 men (including 85 couples) as part of
an ethnographic study in rural Bangladesh, suggested that despite their success increasing
the prevalence of contraception, such programmes often failed to provide adequate infor-
mation or support users of contraceptives (Schuler et al., 1995). Some other studies in the
late 1990s claimed that the faster decline in fertility in Bangladesh resulted from a combi-
nation of socioeconomic changes, with substantial input from family planning programmes.
A qualitative study by Caldwell and Khuda (2000) suggested that family planning pro-
grammes have played an essential role in reducing family size. Still, economic and social
changes and growing aspirations have made couples more receptive to family planning.
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More recent studies have also documented that the reduction in fertility in Bangla-
desh is the result of the education of women, economic status, access to mass media,
urbanisation, and the efforts of family planning programmes (Amin et al., 1996; Amin,
Hill, et al., 1995; Hahn et al., 2018; Khuda et al., 2000, 2018; Khuda & Hossain, 1996).
Some other studies have found striking similarities in reproductive behaviour in
Western divisions of Bangladesh and West Bengal in India (Amin et al., 2002; Das
et al., 2020). It has been argued that the education and modernisation processes
started among the elites of greater Bengal (current Bangladesh and the state of West
Bengal in India) with a strong allegiance to the Bengali language. Later this strong
sense of language identity facilitated and reinforced modern ideas both within and
between the two Bengali-speaking regions (Basu & Amin, 2000). Fertility behaviour in
Bangladesh and the border divisions of West Bengal indicates cross-border diffusion
of fertility practices (Das et al., 2020).

Schooling has had a large and statistically significant effect on the use of traditional
and modern reversible contraceptives (Cleland et al., 1996; Hoque & Murdock, 1997).
Participation in income-generating projects or accessing of credit programmes by
poor rural women is associated with delayed marriage and childbirth, increased use
of contraceptives, decreased fertility, and an increased desire for no more children
(Amin, Cleland, et al., 1995; Heath & Mobarak, 2015; Schuler et al., 1997). The education
of women is always a significant determinant of the use of contraceptives: Modern and
traditional teenage girls who had no education had 2.76 times higher odds of becom-
ing mothers as adolescents than their counterparts with more than a secondary edu-
cation (Islam et al., 2017). The education of women is a significant positive predictor
of the use of contraceptives among employed and unemployed women in Bangladesh
(Islam et al., 2016).

Recently some authors have claimed that Bangladesh experienced two episodes of fer-
tility stall: in 1996–2000 and in 2011–2014. Whereas the first stall occurred at 3.3 births per
woman, the second stall occurred at 2.3 births per woman (Khuda & Barkat, 2012; Rahman,
2018). Rahman argued that decrease in family planning services was strongly associated
with both stalls. Moreover, a decline in labour force participation among women was
closely associated with the first stall, whereas not having any education, living in a
rural area, and being Muslim were associated with the second (Rahman, 2018).

This literature review on the drivers of fertility trends in Bangladesh clearly shows that this
has been a highly controversial issue for decades, and no consensus seems to be on the
horizon. Here we revisit these issues using the broadest possible data set by merging data
fromseven roundsof thenationally representativeBDHS through thepoolingofbirthhistories.

3. Data and methods

We used data from seven rounds of the BDHS: 1993–1994, 1996–1997, 1999–2000, 2004,
2007, 2011, and 2014. The BDHS is a nationally representative survey conducted under the
authority of the National Institute for Population Research and Training of the Ministry of
Health and Family Welfare, Government of Bangladesh, and implemented by Mitra and
Associates of Dhaka. It is part of the worldwide Demographic and Health Surveys (DHS)
programme designed to collect data on fertility, family planning, and maternal and
child health. We present data on the sample for different rounds of the BDHS in Table 1.
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Details on the sample design and survey methodology can be found in respective
reports on the BDHS. Individual-level data are available from the DHS data repository
and accessible on request.

We used the tfr2 Stata module, developed by Schoumaker (2013), to compute fertility
rates from birth histories and estimate trends in TFR across all rounds of the BDHS data.
Bivariate and multilevel analyses were performed. At the bivariate level, cross-tabulation
was performed to determine the percent distribution of women’s characteristics by BDHS
survey rounds. A three-level mixed-effects linear regression model was run to examine the
association between fertility and selected predictors.

4. Trends in pooled BDHS data

To address apparent inconsistencies in fertility rates for the same cohorts derived from
different rounds of the BDHS, we reconstructed the fertility trends by pooling birth his-
tories from successive surveys. We applied the adjustment procedures discussed by
Schoumaker (2014). We distinguished among women with four levels of educational
attainment: no education, primary education, secondary education, and higher education
as defined by the BDHS. As the DHS is a representative sample survey, the information
collected at different time points for the same cohorts of women is not necessarily the
same. The ‘figure in Appendix 1’ shows cohort fertility rates for Bangladeshi women
without any formal education derived from different rounds of surveys. It shows
different cohort fertility rates for the same cohorts interviewed at different times, in par-
ticular for earlier cohorts. Thus, reconstructing fertility trends by merely pooling birth his-
tories from different surveys would be not meaningful. Therefore, we followed the
strategy described below to reconstruct TFRs.

We estimated age-specific fertility rates for women of the same age for the same
cohorts. To do this, we used a weighted average of the different surveys. First, for
each survey, we computed birth events and exposures by age, birth year, and edu-
cation. Second, we computed the weighted average of events and exposures of
different surveys by age, birth cohort, and education. Third, we smoothed the age-
and education-specific averaged events and exposures using spline functions across

Table 1. Sample coverage of the Bangladesh Demographic Health Survey in 1993–2014, Bangladesh.
Survey
year

Ever married
women

Currently married
men Sample cluster Field work

1993–1994 9,640 (ages 10–49) 3,284 301 November 1993–March
1994

1996–1997 9,127 (ages 10–49) 3,346 (ages 15–59) 313 November 1996–March
1997

1999–2000 10,544 (ages 10–49) 2,556 (ages 15–59) 341 (urban = 99, rural =
242)

November 1999–March
2000

2004 11,440 (ages 10–49) 4,297 (ages 15–54) 361 (urban = 122, rural =
239)

January–May 2004

2007 10,996 (ages 15–49) 3,771 (ages 15–54) 361 (urban = 134, rural =
227)

March–August 2007

2011 17,842 (ages 12–49) 3,997 (ages 15–54) 600 (urban = 207, rural =
393)

July–December 2011

2014 17,863 (ages 15–49) N/A 600 (urban = 169, rural =
431)

June–November 2014

ASIAN POPULATION STUDIES 7



ages and birth cohorts. Finally, we computed age- and education-specific cohort ferti-
lity rates from the smoothed weighted average of events and exposures.

Figure 3 presents reconstructed TFRs for Bangladesh for the period 1984–2011 based
on successive rounds of the BDHS. It reveals that after an initial sharp decline in TFR from
1987 to the mid-1990s, Bangladesh experienced some stall in TFR between 1996–2004.
After that, fertility continued to decline until 2011. The reconstructed TFRs did not
exhibit the aforementioned second stall in 2011–2014. The trends in TFR by educational
attainment show a striking pattern (Figure 3). The TFRs for women with secondary edu-
cation and higher education are substantially lower than those of women with no edu-
cation or a primary education, which converge in the most recent period. Whereas
women with no education or a primary education experienced a similar decline in fertility
or stall compared to all women over time, women with secondary education or higher
education followed a different trajectory. Women with secondary education experienced
a decline in fertility from a TFR of 4.7 in 1984–3.1 in 1993, then experienced a stall for an
extended period between 1996 and 2005. The TFR for women with higher education was
almost constant, from 2.4 in 1984–2.3 in 2011.

Figure 4 presents TFRs by birth cohort and education. Aside from the very small group
of women with higher education born before 1955, there was a continuous decline in
overall TFR for each consecutive birth cohort at each level of education. This remarkably
consistent picture also does not show any stalls in TFR. Although the trends for women
with no education or a primary education and the national average are very similar,
the difference for women with secondary education is roughly one child and is surpris-
ingly constant over time. Women with higher education have the lowest fertility rates,
although trends have to be interpreted with caution due to small numbers.

To put these trends in education-specific fertility into context, Figure 5 shows trends in
educational attainment for women by 5-year age groups for the period 1993–2014. Figure 5

Figure 3. Period total fertility rate (3-year moving average) by education, 1984–2011, Bangladesh
Source: Authors’ own calculation from various waves of the BDHS, 1993–1994–2014.
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reveals a sharp increase in the proportion of women ages 15–34 with secondary education
since the mid-1990s. In contrast, the percentage of women with a primary education either
remained stagnant or decreased. At the same time, there was a sharp decline in the percen-
tage of women with no education. The per cent share of women with higher education
increased from 0 per cent to about 10 per cent for women ages 15–34.

Figure 4. Total fertility rate by birth cohort (3-year moving average) and education among women
ages 15–49, Bangladesh Source: Authors’ own calculation from various waves of the Bangladesh
Demographic Health Survey, 1993–1994–2014
Note: Dotted lines indicate a small number of cases.

Figure 5. Trends in women’s level of education by 5-year age group in the BDHS, 1993–2014,
Bangladesh.
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5. Trends in indicators of family planning programs

Figure 6 shows trends in contraceptive use (modern and traditional method) by women’s
(aged 15–49) by the level of education, Bangladesh. In the BDHS, the use of contraception
is defined as the use of a family planning method by a currently married woman at the
time of the survey. Modern methods include female sterilisation, male sterilisation, the
pill, intrauterine devices, injectables, implants, and male condoms. Traditional methods
include periodic abstinence, withdrawal, and other traditional methods. As expected,
the percentage of women using contraception was lower among women without edu-
cation than among women with some education (women with no education: 44.8 per
cent vs. women with higher education: 53.3 per cent). Over time, all education groups
showed increased of use of modern contraceptive methods, with the most recent years
showing stagnation among uneducated women. The use of traditional methods was
roughly constant over time, with a temporary increase around 2000–2005. It is interesting
to note that women with the highest education also had the highest use of traditional
methods, although this declined over time. They also had the highest use of modern con-
traception, which implies that they generally had a greater desire to avoid pregnancy by
any method. Analyses of DHS data from other countries on obstacles to meeting the
unmet need for contraception suggest that this could also be explained by a greater
fear of side effects among more educated women who do want to conceive but have
more access to information about possible side effects (Lutz, 2014).

Figure 7 presents trends in visits by family planning field workers (FPFWs) to women in
the past 6 months by education. In 1993, FPFWs visited 40.4 per cent of all women of
reproductive age. The percentage of women visited by FPFWs was higher among
women with secondary education or above (47.9 per cent) than women without edu-
cation (36.1 per cent). Overall, the percentage of women visited by FPFWs declined
sharply from 40.4 per cent in 1993–19.7 per cent in 1999 and remained within a range

Figure 6. Trends in contraceptive use (modern and traditional method) by women’s (aged 15-49) by
the level of education, Bangladesh
Note: Dotted lines indicate a small number of cases.
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of 19.6 per cent to 13.7 per cent in the following years. In all DHS rounds, women without
education had less access to FPFWs than educated women, although the difference
between these two groups was not substantial.

Figure 8 presents trends in the percentage of women who received family planning
support at a satellite clinic in the local area in the 3 months before the survey. Only a
small percentage of women received such services, according to DHS data.

We also investigated the possible role of media in awareness of family planning pro-
grammes among women in Bangladesh. Figure 9 presents trends in the percentage of
women reporting having been exposed to messages about family planning programmes
in mass media. Respondents were asked whether in the past month they had heard about
family planning a) on the radio, b) on the television, c) in a newspaper or magazine, or d)
from a poster or billboard or leaflet. In our analysis, we considered women to have been
exposed to media if they had heard, read, or seen about family planning programme
messages on radio, television, newspapers/magazines, posters, brochures, or billboards

Figure 7. Trends in visits by family planning field workers (FPFWs) to women ages 15–49 in the past 6
months by education.

Figure 8. Percentage of women ages 15–49 who received family planning support at a satellite clinic
in the local area during the past 3 months, 1993–2014, Bangladesh.
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last month before the survey. From 1993 to 2004, more than 40 per cent of women were
exposed to family planning messages in mass media; this percentage decreased to 19.9
per cent by 2014.

6. Multilevel analysis

The aforementioned trends of convergence in the fertility levels of different education
groups—at least for recent TFRs—together with a general decline in the indicators of
family planning efforts and utilisation of services looks somewhat puzzling at first sight.
What were the forces decreasing fertility and increasing the use of contraceptives in
the less educated groups under weakening family planning efforts and services? The
most plausible explanation is strong diffusion of the ideal of a smaller family size and
the use of contraception from more educated to less educated women. Because such
diffusion tends to happen at the local and community levels, a natural way of studying
it would be to run multilevel statistical models that consider education and family plan-
ning indicators at the individual and community levels. We thus ran models that con-
trolled for household wealth, religion, urban/rural residence, female empowerment,
gender preference, and region in each DHS round separately and in a merged data set
of all seven rounds.

We use the number of children born in the past 5 years to women ages 15–49 as the
dependent variable. We also included age group as a control variable in the model to
capture additional births after age 35 and possibly inter-cohort changes.

Following the literature and the available data, we selected independent variables at
two levels: the individual and the community. Individual-level predictors were the age
of the woman in years (15–24, 25–34, 35–44, 45–49); women’s level of education (no edu-
cation, primary, secondary or higher); religion (Islam, other); place of residence (urban,
rural); wealth index (poorest, poorer, middle, richer, richest); FPFW visit to the respon-
dent’s house in the past 6 months (no, yes); and division of residence (Barisal, Chittagong,
Dhaka, Khulna, Rajshahi, Rangpur, Sylhet). Community-level predictors were the pro-
portion of educated women in the community (sample cluster) and the proportion of

Figure 9. Percentage of women ages 15–49 who were exposed to (heard, saw, or read) family plan-
ning messages in mass media in the past month, 1993–2014, Bangladesh.
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women visited by health workers in each community. We generated the community-level
variables by aggregating individual women’s responses within their clusters. We com-
puted the aggregates for clusters using the mean proportion in each category of a
given variable.

Mixed-effects models, which contain both fixed effects and random effects, are essen-
tial in multilevel analyses and were used to interpret the results.

The fact that the DHS data are hierarchical, that is, women at the individual level (i),
nested within clusters ( j), nested within divisions (k), allowed us to use multilevel model-
ling. A three-level mixed-effects model was written as.

yijk = b0 +
∑p

p=1

bpxpijk + u0k + v0jk + eijk

where outcome yijk is the number of children born in the past 5 years of ith women of jth
community from kth division; xpijk is the pth independent variable at the individual (level
1), community (level 2), and division (level 3) levels; bp is the corresponding regression
coefficient; u0k is the random effect of division assumed to be normally distributed
with N (0, s2

u ); v0jk is the random effect of community assumed to be normally distributed
with N (0, s2

v ); and eijk is the random error assumed to be normally distributed with N (0,
s2
e ) and independent of the random effects at both level 2 and level 3.
Table 2 presents sample characteristics of women ages 15–49 for the individual and

pooled BDHS. Over the study period, the mean number of children born in the past 5
years declined from 0.74 in 1993–1994–0.44 in 2014. The percentage of women with
no education declined by 58.4 per cent (from 56.5 per cent in 1993–1994–23.5 per cent
in 2014). The percentage of women with secondary or higher education increased from
15.8 per cent to 47.2 per cent. In all rounds, more than 85 per cent of women reported
practising Islam. The percentage of women living in urban areas increased substantially
(from 15.3 per cent to 34.5 per cent). Finally, the proportion of educated women in the
community increased, whereas the proportion of women in the community visited by
FPFWs either declined or remained stagnant.

Results of multilevel regression modelling of pooled data for women ages 15–49 years
are presented in Table 3. We ran three stepwise models for Table 3. Model 1 shows
regression coefficients for all socio-economic determinants. Model 2 presents regression
coefficients for family planning and proximate determinants, and Model 3 presents
regression coefficients for all socio-economic, family planning and proximate
determinants.

The results of model 1 in Table 3 shows that the variance in children born in the past 5
years was much higher at the individual level (variance = 0.385) than at the community
(variance = 0.006) or division (variance = 0.009) levels. The intra-class correlation coeffi-
cients showed that when individual-level characteristics were adjusted, about 4 per
cent of the variance in children born in the past 5 years was due to clustering at the com-
munity level. Compared to women with no education, women with primary (β = –0.02, SE:
0.01, p < 0.001) and secondary or higher (β = –0.03, SE: 0.01, p < 0.001) education had a
lower likelihood of having had children born in the past 5 years. Women belonging to
other religions had a lower likelihood of having more children (β = –0.06, SE: 0.01, p <
0.001). As expected, rural women (β = 0.02, SE: 0.01, p < 0.001) had a higher likelihood
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of having more children than urban women. Women belonging to households of the
richest wealth index had a lower likelihood of having more children than the women
belonging to households of the poorest wealth index. It was also observed that female
empowerment and gender preference helping in lowering the fertility. The proportion
of educated women in the community was also significantly inversely associated with
children born in the past 5 years (β = –0.16, SE: 0.02, p < 0.001).

In model 2, which includes indicators of family planning efforts as well as the proximate
determinant of contraceptive use, shows that family planning messages in mass media in

Table 2. Selected characteristics of women ages 15–49 years for regression analyses of BDHS data,
1993–1994, 2004, 2014, and 1993–2014, Bangladesh.

Indicator

BDHS round

1993–1994 2004 2014

Pooled for
1993–2014
(all seven
BDHS
rounds)

N % N % N % N %

Individual-level characteristics
Mean (SD) births in the past 5 years 0.741 (0.785) 0.610

(0.732)
0.441 (0.607) 0.573 (0.709)

Age (in years)
15–24 3,306 34.8 3,765 33.3 5,184 29.0 27,455 31.7
25–34 3,476 36.6 3,795 33.6 6,355 35.6 30,296 35.0
35–44 2,067 21.8 2,665 23.6 4,510 25.2 20,986 24.2
45–49 644 6.8 1,075 9.5 1,814 10.2 7,934 9.2
Education
No education 5,360 56.5 4,402 39.0 4,206 23.5 31,504 36.3
Primary 2,632 27.7 3,323 29.4 5,226 29.3 25,066 28.9
Secondary or higher 1,501 15.8 3,575 31.6 8,431 47.2 30,101 34.7
Religion
Islam 8,294 87.4 10,047 88.9 16,135 90.3 77,031 88.9
Other 1,199 12.6 1,253 11.1 1,728 9.7 9,640 11.1
Residence
Urban 1,448 15.3 3,859 34.2 6,167 34.5 26,330 30.4
Rural 8,045 84.7 7,441 65.8 11,696 65.5 60,341 69.6
Visited by family planning field
worker (FPFW) in the past 6
months

Not visited by FPFW 5,471 58.0 9,835 87.0 14,575 81.6 68,426 79.1
Visited by FPFW 3,960 42.0 1,465 13.0 3,288 18.4 18,128 20.9
Wealth index
Poorest 2,021 21.3 2,017 17.8 3,251 18.2 15,766 18.2
Poorer 1,898 20.0 2,029 18.0 3,360 18.8 16,365 18.9
Middle 1,855 19.5 2,109 18.7 3,621 20.3 16,740 19.3
Richer 1,846 19.4 2,249 19.9 3,769 21.1 17,494 20.2
Richest 1,873 19.7 2,896 25.6 3,862 21.6 20,306 23.4
Female empowerment
Not making decisions alone 9,493 100.0 8,158 72.2 14,423 80.7 74,319 85.7
Making decisions alone 0 0.0 3,142 27.8 3,440 19.3 12,352 14.3
Gender preference
No 970 10.2 431 3.8 386 2.2 3,793 4.4
Yes 8,523 89.8 10,869 96.2 17,477 97.8 82,878 95.6
Community-level characteristics
Proportion of educated women in
the community

0.176 0.318 0.442 0.339

Proportion of women in the
community visited by FPFW

0.243 0.198 0.204 0.208

Total 9,493 100 11,300 100 17,863 100 86,671 100
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Table 3. Results of multilevel regression modelling of births in the past 5 years to women ages 15–49
with associated predictors, pooled data, Bangladesh.

Indicator

Pooled data, 1993–2014 BDHS

Socio-economic
determinants
(model1)

Family planning and
proximate determinants

(model2)
Socio-economic, family planning &
proximate determinants (model3)

Fixed effects
Age (in years)
15–24 (Ref)
25–34 −0.17***(0.01) −0.19***(0.01)
35–44 −0.64***(0.01) −0.64***(0.01)
45–49 −0.81***(0.01) −0.79***(0.01)
Education
No education (Ref)
Primary −0.02***(0.01) −0.02***(0.01)
Secondary or higher −0.03***(0.01) −0.03***(0.01)
Religion
Islam (Ref)
Other −0.06***(0.01) −0.06***(0.01)
Residence
Urban (Ref)
Rural 0.02***(0.01) 0.01*(0.01)
Wealth index
Poorest (Ref)
Poorer −0.06***(0.01) −0.06***(0.01)
Middle −0.09***(0.01) −0.09***(0.01)
Richer −0.13***(0.01) −0.11***(0.01)
Richest −0.15***(0.01) −0.12***(0.01)
Female empowerment
Not making decision alone
(Ref)

Making decision alone −0.03***(0.01) −0.02***(0.01)
Gender preference
No (Ref)
Yes −0.02**(0.01) −0.05***(0.01)
Proportion of educated
women in the community

−0.16***(0.02) −0.15***(0.02)

Family planning messages in
mass media in the past
month

No (Ref)
Yes −0.05***(0.01) −0.06***(0.00)
Visited by family planning
field worker (FPFW) in the
past 6 months

Not visited by FPFW (Ref)
Visited by FPFW 0.15***(0.01) 0.10***(0.01)
Contraceptive use
Not used (Ref)
Modern method 0.10***(0.01) 0.10***(0.00)
Traditional method −0.04***(0.01) 0.07***(0.01)
Service received from
temporary health clinic:
family planning methods

No (Ref)
Yes 0.04***(0.01) 0.02(0.01)
Intercept 1.15***(0.04) 0.84***(0.05) 1.25***(0.05)
Random effects
Division-level variance 0.009(0.005) 0.013(0.007) 0.012(0.006)
Community-level variance 0.006(0.005) 0.013(0.008) 0.008(0.001)
Variance of residual 0.385(0.001) 0.455(0.002) 0.374(0.001)

0.024(0.013) 0.028(0.014) 0.031(0.016)

(Continued )
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the past month (β = –0.05, SE: 0.01, p < 0.001) had a negative association with children
born in the past 5 years. It is interesting that women visited by a FPFW had a higher like-
lihood of having had more children than women who were not visited by a FPFW (β =
0.15, SE: 0.01, p < 0.001). This significant positive effect may indicate that visits by
FPFWs may be associated more with pregnancies and maternal health than with efforts
to prevent births. Other indicators such as modern contraceptive use and service received
from temporary health clinic (family planning methods) had a significant positive associ-
ation with the children born in the past 5 years. It is worth mentioning that the infor-
mation on modern contraceptive use was at the time of survey whereas the
dependent variable is the number of births in the past 5 years to women.

In the final model 3, which included all indicators, individual women’s education and
the proportion of educated women in the community had a consistently significant nega-
tive effect. In contrast, all the family planning indicators except mass media had a positive
significant association with fertility. Also, female empowerment and gender preference
had significant adverse effects on births in the past 5 years. The effect of age on children
born in the past 5 years was—as it should have been—very regular and highly significant,
with the number of children born in the past 5 years decreasing with women’s age. In all
the models the proportion of educated women in the community was also negative and
significant on top of the individual-level effects. This points to a significant role of
diffusion that further depresses fertility even among women with low education in an
environment of better-educated women.

Further, we analysed four pathways (present in Table 4) for modern contraceptive use,
women empowerment, mass-media exposure and fertility desire through which women’s
education might reduce fertility in Bangladesh. We used the same multi-level analysis
approach, and substituted the pathway outcomes for the fertility indicator. Though it
does not include a number of other possible pathways, partly due to data constraints,
this analysis revealed the different pathways through which education would affect ferti-
lity decline in Bangladesh.

Results of a sensitivity test of the diffusion effects for the last two rounds of the survey
(2004 and 2014) are presented in ‘Table in Appendix 2’. The higher proportion of women

Table 3. Continued.

Indicator

Pooled data, 1993–2014 BDHS

Socio-economic
determinants
(model1)

Family planning and
proximate determinants

(model2)
Socio-economic, family planning &
proximate determinants (model3)

Residual intra-class
correlation coefficient at
division level

Residual intraclass
correlation coefficient at
community level

0.039(0.012) 0.055(0.014) 0.052(0.016)

Observations 86,671 86,554 86,554
Number of division groups 7 7 7
Number of community
groups

1,693 1,693 1,693

Log likelihood −82185.248 −89583.364 −80966.066
AIC 1,64,418.50 1,79,198.70 1,61,992.10
BIC 1,64,643.40 1,79,348.60 1,62,273.20

Note: a) Standard errors are in parentheses. b) ***p < 0.01, **p < 0.05, *p < 0.1. c) Ref = reference category. d) AIC =
Akaike’s information criterion; e) BIC = Bayesian information criterion

16 J. K. BORA ET AL.



with secondary education or more corresponded to a significantly lower number of chil-
dren (born in the past 5 years). However, the interaction terms for community education
and individual education revealed that the impact of increasing community education
was not the same across all education groups. Women with no education or a primary
education tended to respond more strongly to the increasing number of educated
women in the community. In contrast, the fertility of women with secondary education
or more did not change significantly with the increasing number of women with
similar education levels in the community (and even showed a tendency to increase).
This suggests a positive spill-over effect of fertility and reproductive knowledge trans-
mitted from better educated groups to women with no education or a primary education.

7. Discussion and conclusion

Thevarious studies debating the relative rolesof educationand family planningprogrammes
in driving the decline in fertility in Bangladesh are inconclusive. We addressed this question
using the broadest possible set of available individual-level data. Wemerged individual data
from seven rounds of the BDHS between 1993 and 2014, includingmore than 85,000 obser-
vations for almost 1,700 community groups and seven regional divisions.

In addition to merging these individual-level data, we made a considerable effort to
reconstruct consistent trends over time in both period and cohort fertility by education,
thus avoiding inconsistencies and adjusting for known problems with DHS birth history
data. These problems include misreporting of dates of birth (age heaping, displacement
of recent births, the Potter effect), underreporting of births (omitting distant or recent

Table 4. The effect of women’s education on pathways through which formal education attainment
may affect fertility (marginal effects are reported).

Selected pathways

Modern contraceptive
use

Women
empowerment

Mass-media
exposure

Fertility
Desire

(1) (2) (3) (4)

Women’s education
None(reference)
Primary 0.030*** 0.007** 0.069*** −0.122***

(0.004) (0.041) (0.004) (0.036)
Incomplete sec+ 0.041*** 0.022*** 0.154*** −0.272***

(0.05) (0.041) (0.005) (0.036)
Community education
Prop sec+ 0.212*** 0.370*** 0.082** −0.941***

(0.018) (0.041) (0.020) (0.053)
Visited by FPW in the last 6
months
No (reference)
Yes 0.221*** −0.013*** 0.021*** −0.095***

(0.004) (0.003) (0.004) (0.014)
Constant 0.459*** 0.173*** 0.653*** 2.51***

(0.003) (0.021) (0.003) (0.009)
Observations 75,755 75,755 51,015 75,755

Note: the table reports the multilevel regression estimates of the relationship between women’s education and selected
pathways through which education could influence fertility behaviours in Bangladesh. Estimates are reported as mar-
ginal effects. Data are from pooled DHSs including women aged 20 or above at the time of the interview. All models
include controls for age of women at interview date, urban residence, religion, household wealth status, whether a
woman was visited by a family planning health worker and community level family planning visit indicator.

*p < 0.1; **p < 0.05; ***p < 0.01
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births), sample implementation (oversampling, under sampling), and misreporting of
women’s age (Schoumaker, 2014). To address these issues, we reconstructed the
trend in TFR using pooled birth histories from various rounds of the BDHS. Some of
the new TFR estimates are higher than those in published reports of the BDHS. The
reconstructed trend in TFR in this study is consistent with the trend presented by Schou-
maker (2014). It shows that Bangladesh experienced a steep decline in fertility, although
at varying times. The country experienced a steep decline in TFR between 1980 and the
early 1990s, followed by a fertility stall between 1996 and 2000. The TFR again began to
decline continuously in 2000 without any evidence of a further stall in fertility. Thus, our
findings contradict previous studies (Khuda & Barkat, 2012; Rahman, 2018), showing a
different trend in TFR estimated directly from BDHS reports of individual rounds
without adjustment of data across rounds. It is important to note that our reconstructed
and consistent cohort data show an even smoother, almost linear decline in fertility
among cohorts born around 1945 to around 1965. Even the education-specific cohort
trends are almost linear, although at different levels. There is also no sign of stalls in
the cohort fertility trends.

We performed simple trend analysis to see how fertility patterns were associated with
women’s educational attainment, the use of contraceptives, and family planning indi-
cators (visits by FPFWs, support for family planning from satellite clinics, family planning
messages in mass media). Although uneducated women experienced the sharpest
decline in fertility, family planning programme indicators over the same period either
declined or remained at an already low level. In other words, the reduction in family
planning programme indicators did not seem to lead to a corresponding stall in the
decline in fertility. For instance, the percentage of women visited by FPFWs was rela-
tively high (33–40 per cent) in 1993–1996 during the stall in period fertility, whereas
it was much lower (13–20 per cent) after 2000 when there was a continued decline in
fertility. Similarly, the decline in media exposure to family planning after 2007 did not
lead to a corresponding stagnation in the decline in fertility. However, there was a
massive improvement in the educational attainment of reproductive age between
1994 and 2014. This simple descriptive analysis of temporal changes in the aggregate
level of fertility and different available family planning indicators suggests no prominent
association that would imply that family planning efforts could be considered a signifi-
cant driver of the decline in fertility. In contrast, a comparison of aggregate-level trends
in the educational attainment of women of reproductive age and fertility suggests a
strong association.

The results of multilevel regression analysis provide a much stronger andmore weighty
confirmation of the finding that the education of females is the most significant driver of
the decline in fertility than the family planning indicators. The proportion of educated
women in the community affected the decline of fertility in other education groups.
This implies a diffusion effect in which women with lower education living in communities
with a higher average education learn from the more educated women or are influenced
by the local environment and cultural atmosphere in that community. This effect cannot
be a function of the differential availability of family planning efforts in different commu-
nities because it was explicitly controlled for. Over time, this diffusion effect can also con-
tribute to the declining trend in the fertility of less educated women. Also, the pathways
analysis approach revealed that women’s education would more significantly affect the
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decline in fertility desires than the family planning and empowering indicators in
Bangladesh.

Among the other explanatory variables considered in the model, other religion and
living in an urban area were associated significantly with lower fertility. Concerning the
wealth index, these results contribute to another on-going debate over the drivers of
the decline in fertility, namely, whether income or education is more relevant (Colleran
& Snopkowski, 2018). In the model applied to women of all ages (15–49), the wealth
index was statistically related to lower fertility.

One advantage of our study compared to others on specific regions of Bangladesh is
that we addressed the role of education in reducing fertility using data from all rounds of
the BDHS. Because the BDHS is a nationally representative survey, our findings represent
the entire country. But, although we reconstructed birth histories for different cohorts,
these cross-sectional data cannot directly establish causality. To do this, a proper longi-
tudinal survey using a case–control study design to evaluate the roles of education and
family planning programmes would be more appropriate. This type of study could help
separate out the effects of education and family planning on contraceptive use or age
at marriage, which affect fertility outcomes. However, such a study design requires
great effort and resources and could be on the agenda for future research.

In conclusion, this study’s findings indicate that the education of women was the
driving factor behind the significant decline of fertility in Bangladesh from the 1980s
(TFR above 6.0) to 2014 (TFR around 2.2). Urbanisation and higher household wealth
were also associated with a lower number of births in the past 5 years. Regarding the
family planning indicators for which data were available and considered in this study,
neither a descriptive analysis of trends nor multilevel statistical analysis found significant
effects. This does not necessarily imply that earlier studies focusing on specific regions or
the very early phases of the decline in fertility, such as Carty et al., (1993) or Cleland et al.,
(1994), who found strong effects of family planning, were wrong. But for the overall
picture of entire period from the 1980s to today, there is no indication of a significant
role of government family planning efforts in the remarkable decline of fertility in Bangla-
desh. The statistical analyses presented here all point to increasing female education as
the key driver of fertility decline.
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Appendix 1

Cumulative total fertility rates by survey year and 5-year birth cohort for women with no
formal education

Appendix 2. Sensitivity test: The differential impact of community education on fertility by individual
education.

Indicator

Births in the past 5 years
Survey Year

2004 2014
Education
No education ®
Primary 0.92 (0.07) 0.85 (0.11)
Secondary or higher 0.86** (0.07) 0.77** (0.10)
Proportion of highly educated women in the community 0.56*** (0.16) 0.44*** (0.23)
Visited by family planning field worker (FPFW) in the past 6 months
Not visited by FPFW ®
Visited by FPFW 1.11*** (0.04) 1.17*** (0.03)
Wealth index
Poorest ®
Poorer 0.86*** (0.04) 0.89*** (0.04)
Middle 0.82*** (0.04) 0.80*** (0.04)
Richer 0.74*** (0.04) 0.80*** (0.04)
Richest 0.71*** (0.05) 0.77*** (0.05)
Residence
Urban ®
Rural 1.07** (0.03) 1.06* (0.03)
Religion
Islam ®
Other 0.78*** (0.05) 0.85*** (0.04)
Female empowerment
Not making decisions alone ®
Making decisions alone 0.92*** (0.03) 0.92** (0.03)
Gender preference

(Continued )
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Appendix 2. Continued.

Indicator

Births in the past 5 years
Survey Year

2004 2014
No ®
Yes 0.88* (0.07) 0.94 (0.10)
Interaction between primary education and proportion of highly
educated women in the community

1.44 (0.22) 1.42 (0.28)

Interaction between secondary or higher education and proportion
of highly educated women in the community

1.61** (0.20) 2.40*** (0.25)

Constant 1.71*** (0.11) 1.31* (0.15)
Observations 9,737 15,840
Log likelihood –8,307.30 –10,944.97
Akaike’s information criterion 16,658.59 21,933.95
Bayesian information criterion 16,816.63 22,102.70

Note: The age of the women at the time of the survey is included in all models.
*p < 0.1, **p < 0.05, ***p < 0.01.
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