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Abstract: Exploring the homogeneity (or heterogeneity) at sub-national level is crucial as it
is associated with design, budget allocation and implementation of a research project. Since
demographic and socioeconomic factors depict the first valuable insight of a community, it
is imperative to explore the homogeneity within a country by considering these variables.
Yet, the information on this aspect is scarce in Bangladesh. Therefore, the present study
aimed to identify the district and district town specific homogeneity in Bangladesh. The data
for this study were extracted from the most recent Population and Housing Census of the
country, and the multivariate cluster analysis was employed to identify the natural groups
or segments. We found that Bangladesh could be classified into three distinct clusters both
at district and district town levels based on demographic and socioeconomic characteristics.
The findings of this study would provide insights to the policymakers and researchers for
designing and implementing community-based research initiatives, particularly in the area
of public health and social science as well as market analysis research. The findings could
also be helpful in the situation when the national representation of data is required with
budget and time constraints.

Keywords: Bangladesh, demographic factors, homogeneity, socioeconomic factors, multi-
variate cluster analysis

1 Introduction

For designing intervention studies, especially in the field of health and social science, it is
essential to know the demographic and socioeconomic profile of the study population. In
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fact, demographic and socioeconomic factors are considered as the primary determinants
of health (WHO, 2009), social science (Hirschman and Tolnay, 2005; Hodgson, 1983) and
market analysis related activities (Mazilu and Mitroi, 2010). For instance, variables such
as age, gender, literacy status, occupation, and household socioeconomic characteristics are
naturally associated with different health indicators. Moreover, to understand the communi-
tyaAZs future needs, resource allocation and other services, it is recommended to explore the
demographic and socioeconomic variables as it is the first valuable intuitions about a com-
munity (French, 2014). Further, to improve human health, strong national health research
systems are required which has a practical association with demography and socioeconomic
condition of the people (Baiden et al., 2006; Lansang and Dennis, 2004; Nchinda, 2002).
In fact, understanding the homogeneity (or heterogeneity) of the population in terms of
demographic and socioeconomic characteristics is the prerequisite for capacity building and
generalization of study findings in the population.

Homogeneity within a country can be characterized by multivariate cluster analysis tech-
nique based on multiple characteristics of the population (Johnson and Wichern, 2007).
Relying on similarity measures, it can classify the data into different meaningful groups or
patterns in such a way that the elements within a segment are similar to each other than el-
ements of other groups (Johnson and Wichern, 2007). This method is widely used in health
research, social sciences and market analysis research to identify the natural patterns of
the data as exact groups are frequently unknown to us (Fonseca, 2013; Glatman-Freedman
et al., 2016; Vidden et al., 2016). For instance, identifying the clusters for health indica-
tors of a country is crucial since it is involved with designing public health initiatives and
evidence-based health policies.

Bangladesh, a small delta in South Asia, is divided into eight administrative divisions and
which further divided into 64 districts. Moreover, for administrative purpose, each district
is further divided into smaller administrative units such as thana/upazila or sub-district.
The capital of a district is known as district town or sadar. The district town itself is a
thana/upazila, but generally is the centre of all activities of a district. Since independence
in 1971, the development of each of the districts and district towns are heterogeneous (BBS,
2012). There is a range of variations in terms of demographic and socioeconomic character-
istics of people across the country (Etzold and Mallick, 2015). In particular, some districts
such as Dhaka, Chittagong, Gazipur, Narayangonj have experienced a high level of develop-
ment in terms of infrastructure and socioeconomic conditions (BBS, 2012). Similarly, few
district towns such as Bogra, Comilla, Gazipur, Jessore, Narayangonj and Sylhet sadar up-
azilas are also experiencing a high level of development in the same period (BBS, 2012). As
geographical disparity varies within the country, it would be very effective for the policymak-
ers and researchers particularly, from social science and public health domains to identify
the natural groups among districts and district towns of the country. To our best knowledge,
there is no study conducted yet in Bangladesh to identify the homogeneous groups by con-
sidering the demographic and socioeconomic characteristics. The present study, therefore,
aimed to identify the homogeneity or natural segments among districts and district towns
of Bangladesh based on demographic and socioeconomic characteristics using multivariate
cluster analysis technique.
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2 Methods

2.1 Data sources

The district-specific and district-town-specific data used for this study were collected from
the most recent Bangladesh Population and Housing Census 2011 (BBS, 2012). Data on the
demographic status of the population and the socioeconomic condition of households in the
country were collected in the census. The details can be found in the census report (BBS,
2012).

2.2 Variables

Demographic variables considered for this study were: age-specific distribution, male-female
ratio, the percentage of employed people, overall literacy rate, population density, the per-
centage of the urban population, and annual growth rate. Socioeconomic variables consid-
ered for this study were: household size, the percentage of pacca households, percentage of
households having access to electricity, percentage of households having access to tube well
or tap water for drinking, the percentage of households having sanitary toilet facilities, the
percentage of own housing tenancy, and number of institutional households.

The employed people were defined as people who were engaged with income gener-
ating activities. Literacy status assessment is made for population 7 years and over. The
population density was calculated per square kilometre. Hospitals, clinics, jails, barracks,
orphanages, hostels or halls of educational institutions were treated as institutional house-
holds. The details can be found elsewhere (BBS, 2012, 2015).

2.3 Method of analysis

To determine the homogeneity among districts and district towns, we used multivariate
cluster analysis by considering Ward hierarchical clustering method with Euclidean distance
(Johnson and Wichern, 2007). Although single or multiple factors can be used to deter-
mine clusters, we utilized multiple factors, and hence it was referred as multivariate cluster
analysis. We selected the optimum number of clusters by applying different clustering algo-
rithms such as hierarchical, average, kmeans with Euclidean distance and by considering the
number of clusters ranging from 2 to 7. In these case, R package "NbClust" and "factoextra"
were used (Charrad et al., 2014; Kassambara and Mundt, 2016). The homogeneity among
districts or district towns was shown by using dendrogram and maps produced by using
ArcGIS (version 10.0).

3 Results

3.1 Homogeneity among districts

By applying different combinations of the number of clusters, distance measures and clus-
tering methods, we found that the optimum number of clusters among districts were three
(Figure S1). Therefore, district-specific homogeneity of Bangladesh in terms of demographic
and socioeconomic variables was clustered into three groups. A dendrogram is shown in Fig-
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ure S2 to determine this homogeneity. A map produced by using the results obtained from
the dendrogram is given in Figure 1.

Legend

|:| Cluster 1
- Cluster 2
- Cluster 3 .

Figure 1: Homogeneous districts in Bangladesh based on demographic and socioeconomic
characteristics

Predictably, districts such as Chittagong, Dhaka, Gazipur and Narayanganj were in the
same cluster. Districts such as Bagerhat, Barguna, Barisal, Bogra, Chuadanga, Faridpur,
Gopalganj, Jessore, Jhalokati, Jhenaidah, Joypurhat, Khulna, Kushtia, Madaripur, Magura,
Manikganj, Meherpur, Naogaon, Narail, Natore, Patuakhali, Pirojpur, Rajbari, Rajshahi,
Satkhira, Shariatpur and Tangail were grouped into another cluster, while other 33 dis-
tricts were in another cluster to characterize homogeneous demographic and socioeconomic
pattern. The cluster-specific summary statistics of the demographic and socioeconomic vari-
ables of the districts are shown in Table 1.

3.2 Homogeneity among district towns

We found three optimum number of clusters among district towns (Figure S1). Therefore,
district-town-specific homogeneity of Bangladesh in terms of demographic and socioeco-
nomic variables was clustered into three groups (Figure S3). A map produced by using the
results obtained from the dendrogram is given in Figure 2.
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Table 1: Cluster-specific summary statistics of the demographic and socioeconomic variables
of the 64 districts in Bangladesh

Cluster 1¢ Cluster 2° Cluster 3¢
Characteristics Mean SD Mean SD Mean  SD
Age (years)
<5 9.5 0.8 11.6 1.1 9.2 0.8
5-9 11.8 1.2 13.9 1.2 10.6 1.2
10-14 115 1.0 12.1 0.8 10.4 1.3
15-19 8.3 0.5 8.8 1.0 10.2 0.6
20-24 8.5 0.7 8.5 0.5 12.1 1.3
25-29 9.0 0.8 8.7 0.6 11.7 1.5
30-49 25.7 2.0 22.8 2.0 25.0 1.6
50-59 7.0 0.3 6.1 0.6 5.4 0.2
60-64 3.1 0.2 2.7 0.3 2.2 0.2
>65 5.6 0.5 4.7 0.6 3.2 0.4
Sex ratio 98.1 2.7 98.8 4.7 109.3 7.1
% of employed people
Male 20.0 6.5 22.6 5.4 14.0 2.1
Female 1.2 0.4 2.3 2.1 4.8 1.5
Literacy rate 533 6.1 46.1 6.2 62.3 6.0
Population density 924.6 169.9 993.1 414.0 3965.8 3108.9
% of the urban population 16.3 6.6 16.5 5.5 45.7 21.6
Annual growth rate 0.7 0.5 1.5 0.5 3.3 1.6
Household size 4.2 0.2 4.6 0.5 4.4 0.4
% of pacca households 7.9 5.9 5.8 4.7 25.7 14.4
% of households having access to
Electricity 50.2 9.6 452 172 888 8.7
Tube well or tap water for drinking 93.8 7.2 90.5 126 96.8 1.6
Sanitary toilet facilities 67.7 133 528 15.8 826 7.5
% of own housing tenancy 924 4.4 90.4 54 49.4 16.5
Number of institutional households 241.3 1649 2928 203.3 2625.5 22469
N (number of districts) 27 33 4

“Bagerhat, Barguna, Barisal, Bogra, Chuadanga, Faridpur, Gopalganj, Jessore, Jhalokati, Jhenaidah, Joypurhat,
Khulna, Kushtia, Madaripur, Magura, Manikganj, Meherpur, Naogaon, Narail, Natore, Patuakhali, Pirojpur, Ra-
jbari, Rajshahi, Satkhira, Shariatpur, Tangail; ®Bandarban, Bhola, Brahamanbaria, Chandpur, Comilla, Cox’s Bazar,
Dinajpur, Feni, Gaibandha, Habiganj, Jamalpur, Khagrachhari, Kishoreganj, Kurigram, Lakshmipur, Lalmonirhat,
Maulvibazar, Munshiganj, Mymensingh, Narsingdi, Nawabganj, Netrakona, Nilphamari, Noakhali, Pabna, Pan-
chagarh, Rangamati, Rangpur, Sherpur, Sirajganj, Sunamganj, Sylhet, Thakurgaon; “Chittagong, Dhaka, Gazipur,
Narayanganj

Clearly, thana/upazila sadar of the districts such as Bandarban, Barisal, Bogra, Comilla,
Dinajpur, Feni, Gazipur, Jessore, Khagrachhari, Khulna, Narayanganj, Rangamati, Rangpur
and Sylhet grouped into a cluster. District town of Bhola, Brahamanbaria, Chandpur, Cox’s
Bazar, Gopalganj, Habiganj, Kishoreganj, Lakshmipur, Madaripur, Maulvibazar, Nawabganj,
Netrakona, Noakhali, Panchagarh, Shariatpur and Sunamganj were grouped into another
cluster, while other 31 district towns were in another cluster to characterize homogeneous
demographic and socioeconomic pattern. The cluster-specific summary statistics of the de-
mographic and socioeconomic variables of the district towns are shown in Table 2.
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4 Discussion

We found district-specific heterogeneity and these districts were divided into three clusters
based on demographic and socioeconomic characteristics. Percentage of employed people,
literacy rate, population density, percentage of the urban population, annual growth rate,
percentage of pacca households, percentage of households having access to electricity, per-
centage of households having access to tube well or tap water for drinking, percentage of
households having sanitary toilet facilities, and number of institutional households- all were
higher in Cluster 3 (Chittagong, Dhaka, Gazipur and Narayanganj districts). This is due to
the high level of development in the port city Chittagong, the main city Dhaka and its two
surrounding cities Gazipur and Narayanganj (BBS, 2012; Kabir and Parolin, 2012). It was
also seen that the percentage of people aged 50 years or more was considerably lesser in
these districts than other districts, despite the higher number of health facilities.

> A
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Other upazila/thana

Figure 2: Homogeneous district towns in Bangladesh based on demographic and socioeco-
nomic characteristics
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Table 2: Cluster-specific summary statistics of the demographic and socioeconomic variables
of the 61 district towns in Bangladesh (three districts have no specified thana/upazila sadar)

Cluster 1¢ Cluster 2° Cluster 3¢
Characteristics Mean  SD Mean  SD Mean  SD
Age (years)
<5 9.6 1.0 9.2 0.9 11.5 1.0
5-9 11.8 1.2 11.0 1.1 14.0 1.0
10-14 11.3 0.6 11.1 1.0 12.7 0.6
15-19 8.5 0.6 10.1 0.6 9.5 0.7
20-24 8.9 0.6 10.7 1.6 8.7 0.6
25-29 9.3 0.5 10.4 1.4 8.4 0.5
30-49 25.8 1.6 25.4 1.7 21.9 1.3
50-59 6.9 0.5 6.0 0.7 5.9 0.6
60-64 2.9 0.3 2.3 0.3 2.7 0.3
>65 5.2 0.7 3.8 0.8 4.7 0.7
Sex ratio 99.6 2.8 107.7 5.2 98.5 4.7
% of employed people
Male 20.3 6.0 13.6 3.6 18.8 4.1
Female 1.6 0.6 3.6 2.3 1.5 0.5
Literacy rate 54.1 7.3 63.5 5.8 50.7 5.2
Population density 1250.5 519.7 2679.0 3247.7 1291.6 505.3
% of the urban population 23.1 6.7 50.4 18.6 23.3 8.2
Annual growth rate 1.1 0.9 1.7 2.4 0.4 1.7
Household size 4.2 0.2 4.4 0.4 4.9 0.4
% of pacca households 9.6 6.1 21.6 11.4 9.3 5.9
% of households having access to
Electricity 56.7 156  78.6 15.4 56.8 13.8
Tube well or tap water for drinking 97.2 1.1 92.3 11.0 94.9 2.7
Sanitary toilet facilities 61.9 179 73.0 13.5 66.5 14.1
% of own housing tenancy 88.3 5.3 61.0 19.6 87.5 5.6
Number of institutional households 80.5 51.8 2323 161.4 67.3 35.2
N (number of district towns) 31 14 16

%Bagerhat, Barguna, Chuadanga, Faridpur, Gaibandha, Jamalpur, Jhalokati, Jhenaidah, Joypurhat, Kurigram,
Kushtia, Lalmonirhat, Magura, Manikganj, Meherpur, Munshiganj, Mymensingh, Naogaon, Narail, Narsingdi,
Natore, Nilphamari, Pabna, Patuakhali, Pirojpur, Rajbari, Satkhira, Sherpur, Sirajganj, Tangail, Thakurgaon;
bBandarban, Barisal, Bogra, Comilla, Dinajpur, Feni, Gazipur, Jessore, Khagrachhari, Khulna, Narayanganj,
Rangamati, Rangpur, Sylhet; “Bhola, Brahamanbaria, Chandpur, Cox’s Bazar, Gopalganj, Habiganj, Kishoreganj,

Lakshmipur, Madaripur, Maulvibazar, Nawabganj, Netrakona, Noakhali, Panchagarh, Shariatpur, Sunamganj

We also found district towns were heterogeneous in terms of demographic and socioeco-
nomic characteristics and were grouped into three clusters. It is notable that districts such
as Dhaka, Chittagong and Rajshahi have no specified district town. However, for the cluster
2 (thana/upazila sadar of Bandarban, Barisal, Bogra, Comilla, Dinajpur, Feni, Gazipur, Jes-
sore, Khagrachhari, Khulna, Narayanganj, Rangamati, Rangpur, Sylhet), the literacy rate,
population density, percentage of the urban population, annual growth rate, percentage
of pacca households, percentage of households having access to electricity, percentage of
households having access to tube well or tap water for drinking, percentage of households
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having sanitary toilet facilities, and number of institutional households- all were noticeably
higher than other two clusters. Moreover, people aged 50 years or more were lesser in
cluster 2 than other clusters. However, it is believed that if a district is in a given cluster,
the district town should be in that same cluster. We also found approximately similar find-
ings, although some district towns scattered into a different segment. This might be due to
inequality in the development across the district.

It is broadly acknowledged that multivariate cluster analysis is an effective analytical
tool to carry out regional segmentation (Johnson and Wichern, 2007; Shubat et al., 2007).
It is also evident that regional segmentation, i.e., identifying homogeneous (or heteroge-
neous) groups is an effective and need-based approach for designing and implementing
the community-based research. It helps the policymakers to focus on the right people and
allocate the budget on the sub-national or further disaggregated level for adjusting better
research plan. Moreover, as the demographic and socioeconomic conditions are the primary
valuable understandings about a community, finding out the clusters that are similar (or dis-
similar) in terms of demographic and socioeconomic characteristics would be a prodigious
way to generalize and allocate proper resources. For instance, taking a few elements from
each of the three segments can reduce the time and budget constraints without hampering
the national representation of the data, particularly in public health research. Therefore,
the findings of the present study would be an effective elucidation to the policymakers or
research practitioners to design and implement community-based research initiatives espe-
cially public health and social science research.
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Figure S3: Three distinct clusters among 61 district towns in Bangladesh based on demo-
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