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It makes these organizations take a look at what is going on today, where it wants to 
be in future and which steps it will need to take to get there (Ugboro et al, 2015). It 
can be proved as a valuable tool in assisting a large number of future government 
plans. For public sector organizations, strategic planning concerned to any unit may 
only succeed if it has the support of the executive branch, legislative body and 
affected government departments.

Public organizations often implement strategic planning in order to improve 
organizational performance. However, this decision is based on an assumption made 
by scholars and practitioners that is derived from the logic that strategic planning will 
help to unify organizations towards a clear mission and goal. It will bring about 
improved organizational performance (O'Toole et al, 2009). The purpose of this 
paper is to understand the relationship between strategic planning and performance 
improvement of local government institutions in Bangladesh. Because of the half-
hearted engagement in the practice or lack of the necessary resources, some public 
sector organizations in Bangladesh may never gain the benefits including the promise 
of better performance through implementing strategic planning. The expected 
benefits are not likely to materialize with the exception of the organizations' proper 
investment in the process of strategic planning (Sanger, 2008). Therefore, it is 
important to identify the critical factors for local government institutions in 
Bangladesh to implement comprehensive strategic planning processes.

This paper presents a qualitative study on the influences of strategic planning on the 
comprehensiveness and depth of the planning processes of local government units in 
Bangladesh. It also explores the relationship between strategic planning 
comprehensiveness and departmental performance of local government institutions. 
It is also important to determine how the strategic planning leads to the desired 
outcomes.  In addition, it is important to determine how the successful strategic 
planning processes produce those results in public sector organizations like local 
governments. The findings of this qualitative paper will help to fill up the research 
gap by illuminating major assumptions and identifying critical factors about 
implementing strategic planning in public sector organizations. To determine the 
impacts of strategic planning on performance, a good number of literatures were 
reviewed first. This paper demonstrates the quality of public organizations to prepare 
strategic planning by utilizing the organizational assumptions regarding local 
government institutions in Bangladesh alongside reviewing the findings of past and 
recent studies, surveys and opinions of the respondents.

In order to attain the objectives of this study, qualitative approach of data collection 
was employed. A combined method of content analysis and interview was applied in 
this regard. The primary and secondary data were collected through semi-structured 
interviews, published literatures, government documents etc.  Semi-structured 
interviews were conducted in the first stage and literature review was conducted in 
the second stage. The published and printed facts, figures, opinions, observations and
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generalizations about the strategic planning of Bangladeshi local government units 
were reviewed critically and objectively for accomplishing the literature review part of 
this article. Policy makers, public managers or personnel, local government 
representatives, professional experts, academicians, civil society, think tanks, 
development workers and general people were the key informants for this study as 
respondents. Qualitative data were processed and analyzed manually. The findings are 
presented in qualitative manner in this paper. 

This qualitative paper broadly focuses on two research areas. One is the application of 
strategic planning in public sector organizations and the other is critical issues of local 
governments in Bangladesh regarding this application. This section discusses the core 
concepts of this paper based on the latest literatures and identifies research gaps. Strategic 
planning cannot be analyzed separately from other strategic concepts. Few terms like 
strategy, strategic management, strategic planning and comprehensive planning are used 
inclusively often in research. However, available literatures have pointed out that many 
researchers have serious semantics problems when they come across these terms. 
Strategy, strategic management, and strategic planning are not the same ideas. However, 
these terms are closely related and many researchers have the tendency to be blurred, 
mainly between strategic planning and strategic management.

Strategy is a wide term used in public sector research to define how organizations relate 
their surroundings and development purposely with the future by improving services and 
performance (Boyne and Walker, 2010). Meier et al. (2007) defined strategies from 
process and content. In public sector organizations, process strategies refer to the tools, as 
well as analyses, to make decisions about the direction of the organization. These tools 
comprise a wide range of concepts i.e. comprehensive planning and strategy formulation 
that help public managers to plan for the future. Post-bureaucratic strategic planning, 
personnel management strategies, public performance management, various fiscal 
strategies etc. are contemporary process strategy tools of public organizations. Content 
strategies refer to the long-term orientation of public sector organization to internal and 
external influences. A very recent typology by Nickols (2016) relies on private sector 
research about strategic stance and strategic actions to characterize how public sector 
organizations strategize.

Bryson et al. (2010) defined strategic management as "the appropriate and reasonable 
integration of strategic planning and implementation across an organization (or other 
entity) in an ongoing way to enhance the fulfillment of its mission, meeting the mandates, 
continuous learning, and sustained creation of public value". Strategic management is a 
way for public sector organizations to be forward-looking in order to strengthen their 
position both internally and externally in their surroundings. Strategic planning and 
strategic management are often used interchangeably, although these are not identical 
concepts. According to Poister et al. (2010), recent research tends to make out strategic 
planning as the cornerstone in the overall strategic management process. However, this
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relationship was not so apparent in earlier studies. It was difficult to define how strategic 
planning fits into strategic management. Strategic management is not so much the 
outcome of the evolution of strategic planning as it is a reaction to an early preoccupation 
of the field with analytical techniques for strategy formulation (Eadie and Steinbacher, 
1985).

According to Poister et al. (2010), strategic planning is a part of strategic management. 
The other two components of strategic management are resource allocation and evaluation 
with control. In public organizations, resource allocation includes not only budgeting tools 
but also tools for personnel management. The control and evaluation component of 
strategic management ensures that the goals of public organizations laid out in strategic 
planning are met often by incorporating public performance management. Strategic 
management identifies the indicators and measurement that help public organizations to 
determine their successful progress towards stated goal. It requires the integration of all of 
these components. In the terms to Walker et al. (2010), strategic management is the 
integration of process strategy tools for strategic planning, tools for resource allocation, 
and tools for control and evaluation.

Recent literatures identify strategic planning as a part of an organization's management 
effort. Poister et al. (2010) defines strategic planning as "a disciplined effort to produce 
fundamental decisions and actions that define what an organization (or other entity) is, 
what it does, and how it does." For the public sector organizations, strategic planning 
process helps unify the institution around a common mission, goal, and objective based on 
appropriate internal and external analyses.

The other thematic area of this qualitative paper is the critical issues of local governments 
in Bangladesh regarding the application of strategic planning. Local government, in a 
sense of administrative jargon, is the local extension of the central government, 
traditionally which is the power structure at root level for supporting field administration. 
In Bangladesh, local government institutions are separated from field administration.  
Such administration usually implements decisions taken not only by the local government 
institutions but also by the national or provincial government units operating at field level. 
In this argument, local government is generally described as the formulation and execution 
of collective action at the grass-root level designed by the central government. According 
to United Nations (2014), "Local government refers to a political sub-division of a nation 
or state which is constituted by law and has substantial control of local affairs including 
the power of imposing taxes, exact labour for prescribed purposes. The governing body of 
such an entity is elected or locally selected."

Local government organizations are contiguous to general people. However, the scope as 
well as quality of service delivery is one of the most critical areas. Failure of the local 
government units to respond to the awful needs of the general people often tends to seek 
services from alternative sources like the private providers and NGOs. Available 
literatures reveal that critical local service areas like education, health, nutrition, family 
planning, irrigation, agricultural services, and secondary roads are all managed directly by
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the central government officials of Bangladesh. Their field functionaries without any 
involvement of the local government units are either in design or implementation process. 
Thus institutional segregation and incapacity have made local government units non-
responsive body to provide critical services to the general people, more so to the 
marginalized ones. Local government specialists argue that only improved strategic 
planning process can enhance the managerial capacity and organizational performance of 
local government units in Bangladesh.

The roots of strategic planning are planted decisively in private sector research. Afsar (2011) 
explains that there are several similarities between strategic planning in the private and 
public sectors. Strategic planning requires support from organizational structure, internal 
communication, management, mission and vision. However, researchers have to carefully 
point out that the differences between public and private organizations are taken into 
account by these early methods (Brewer and Walker, 2010). These differences include 
environmental, transactional and organizational factors. Environmental factors of public 
sector, like local government units, include what guide decision-making, constraints or 
mandates and the political influences. Transactional factors for local government units 
include the coerciveness or choice of citizens as customers to consume services, public 
scrutiny, broad societal impact and a large variety of stakeholders. Organizational factors 
include ambiguous goals, high performance expectations, limitations of authority and a 
different set of incentives to work for public sector (Melkers and Willoughby, 2005). Local 
government units can build off models of strategic planning built for the local public realm.

In the last three decades, the example of incorporating strategic planning to local 
governments has increased globally. Strategic planning was rare in local governments, 
however, that interest was growing in 1980s (Van Ryzin, 2006). Thirty-eight percent of the 
municipalities in USA used strategic planning at that time. The number of municipalities 
using strategic planning with satisfaction slightly increased in 1990s. However, this level of 
satisfaction increased tremendously from 1990 to 2005 (Poister and Streib, 2005). 
Government of Peoples' Republic of Bangladesh adopted strategic planning for all units 
after 2006.

Research and understanding level are surprisingly limited on the critical issues regarding 
strategic planning for local government institutions in Bangladesh. In early research on 
Bangladeshi local government institutions, strategic planning was often contrasted with 
traditional planning, comprehensive or long range planning etc. The major expansions of 
earlier researches on strategic planning in public sector organizations in Bangladesh were 
considered as actions that would help organizations to reach their listed goals, conduct 
environmental analyses, and draw the attention of all possible stakeholders. Thus, the most 
important distinction between the traditional planning and strategic planning for local 
government institutions is that traditional planning was only based upon certain narrow 
functions in municipal government, like transportation or education, or upon land use 
planning. On the other hand, strategic planning is typically done at the organizational level 
by paying more attention to the complexity of the whole organization and coordinating 
people at local levels.
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Most of the motives that the government implements as strategic planning are due to 
some of the unique organizational changes. There are also certain barriers to the 
implementation of strategic planning particularly for local governments. The economic 
cost of formulating and implementing strategic planning can be difficult for local 
governments because of being cash-strapped. Furthermore, the decision-making process 
due to complexity in local governments can prove to be a difficult issue. Citizens have 
access and a habit of involving themselves in the local decision-making sessions than 
other levels of the government. This can make consent-building on what goals the local 
government units should focus on. Additionally, local government units are relying 
more on networking and cooperation with public, nonprofit and private organizations to 
perform their operations in Bangladesh. Respondents argue that the local government 
units find difficulties in implementing strategic planning because of the necessity to 
include all relevant stakeholders.

Local governments of any country can gain many benefits through implementing 
strategic plans. Strategic planning can help to recognize important issues in a community 
and use of resources by the local government units. It can also help educate the citizens 
about the functions and goals of the particular local government unit. It can assist local 
governments in bringing together various stakeholders i.e. citizens, business owners, and 
staff of all levels through building harmony. It can improve the organizational 
performance and ability of the local government to reach stated objectives. It promotes a 
healthy environment for staff and citizens to work together toward the same mission. 
The highest-rated group of benefits of incorporating strategic planning process to local 
government relates to the missions, goals, and priorities of the locality (ICMA, 2008). A 
majority of the respondents also highlight that strategic planning improves 
communication with external stakeholders, decision-making, management and employee 
development. It focuses on the local council and employees upon important issues and 
organizational goals. Respondents also perceive that strategic planning improves 
performance of local government units. The highest-rated single benefit of incorporating 
strategic planning process to local government is the enhancing ability to deliver high-
quality services. A majority of the respondents from practitioner category who had 
implemented strategic planning in the last five years in Bangladesh have enlisted a 
number of service deliveries as benefits. A good number of respondents have found that 
strategic planning helps maintain financial conditions and manage operations efficiently 
in the local government units of Bangladesh.

Effective organizational performance is an important initial point for determining 
whether the strategic planning influences organizational performance of local government 
units or not. Strategic planning is a management tool that can help to set the direction
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of any organization (Zhao, 2010). Moreover, the impact of strategic or rational planning 
on performance is expected because planning requires officials to clarify the objectives 
of the organization, formalizes communication among many different parts of the 
organization, and integrates diverse activities in a large, complex organization (Van 
Dooren et al., 2010). Scholars believe that strategic planning should lead to improve 
performance as a tool of well-managed organizations. Any well-managed organization 
tends to perform better than other organizations. Generally, senior government officials 
in local governments are engaged in strategic planning process. They believe that 
strategic planning improves organizational performance of local government units in 
terms of financial conditions, delivering services, and operational management. 
Organizational theory also provides some perceptions to establish linkage between 
strategic planning and performance. According to goal setting theory, when employees 
understand the goal of the organization and their role in reaching the goal, it is more 
likely to be achieved (Liu and Tan, 2008). For local government institutions, strategic 
planning process focuses on identifying the goal and developing strategies for reaching 
that goal. Although this theory is most often applied at the individual employee level, 
the same should also hold true at the organizational level. When local government 
organizations state their own goal and way of achieving it, they should be more likely 
to reach the goal. Thus these organizations can perform better.

Theoretically, the goal connected with strategic planning is often related to 
performance. If the goal is achieved, performance will directly improve in any 
organizations like local government units. However, some researchers have argued 
against a formal approach of planning in public sector because of some negative 
impacts on performance due to the burden that strategic planning places upon an 
organization (Korosec, 2006) or a preference for logical incrementalism (Barzelay and 
Jacobsen, 2009). According to Korosec (2006), the most successful organizations in the 
private sector do formal planning that is integrated with logical incrementalism to take 
benefit of new opportunities. Formal planning can endanger progress in the 
performance of local government units when such organizations focus solely on 
planning and not enough on doing. This practice of strategic planning is better suited in 
concert with other strategic management techniques for local governments.

A majority of respondents agreed that capacity is a critical factor of implementing 
strategic planning in local governments. Public employees, at all levels, have to be 
highly knowledgeable about strategic planning. It is a matter of concern that personnel 
of local governments in Bangladesh may not have enough training about the strategic 
planning process. A good number of respondents agreed or strongly agreed that the 
political leadership in their jurisdiction was committed to their department's strategic 
planning efforts. Political leadership promotes strategic vision for local government 
institutions. Few respondents agreed that the government department involved citizens
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Strategic planning is a common intellect tool that sets a clear path for the future. It 
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or business leaders in their strategic planning activities of local government units. 
Employee involvement in strategic planning depends on the level of employment. 
Maximum respondents agreed that mid-level managers were involved in planning while 
some agreed that lower-level employees were also involved. The essentials 
recommended by strategic planning practitioners demonstrate that most elements are 
included in their department's strategic planning efforts. Most of the respondents agreed 
that their department's strategic planning process included the publication of a strategic 
planning document. They also agreed with the statement that strategic planning 
includes tracking the implementation of strategic planning initiatives, accomplishing 
strategic goals and objectives, improvement over time, and strategic plan outcomes. A 
good number of respondents expressed more sophistication in reporting performance 
and using benchmarking in local governments. Reporting performance related to the 
strategic plan is very important to enhance the performance of local government units. 
In this extent, financial management and strategic planning are closely related. A 
majority of respondents agreed with this statement. Some respondents agreed or 
strongly agreed that capital budget reflected strategic goals in local governments. 
Moreover, maximum respondents agreed that their department's budget targeted the 
goals and objectives in their strategic plan. However, the linkage of human resource 
management with the strategic plan is less common than either performance 
measurement or financial management in local government units.

The current local government system of Bangladesh is divided into two major 
geographic expansions i.e. urban and rural. The rural vicinity, as per local government 
establishment is classified into three major categories form the lowest tier of Union 
Parishad to the highest Zilla Parishad including a remarkable mid-point Upazilla 
Parishad structure. The urban local government structure includes City Corporations 
and Pourashavas. For administrative purposes, the country is divided into eight 
divisions, each headed by a Divisional Commissioner. It is a unit of field 
administration. The district is administered by a Deputy Commissioner who is assisted 
by Additional Deputy Commissioners. They are the field administrators. District has a 
Zilla Parishad headed by a Chairman. He is a representative of the rural local 
government unit of Bangladesh. Districts are divided into Upazilas headed by an 
Upazila Chairman. Currently, there are 489 Upazilas in Bangladesh (Government of 
Bangladesh, 2016a). Upazila is the lowest administrative unit and Upazila Parishad is a 
representative rural local government unit of Bangladesh. In the hilly zones of the 
country, there is another form of local government system with three hill districts i.e. 
Khagrachaori Hill District Council, Bandarban Hill District Council and Rangamati Hill 
District Council. Under the 489 Upazilas, there are 4550 Union Parishads. These are the 
lowest tier of the rural local government structure of Bangladesh. Under 8 Divisions, 
there are 11 City Corporations. There are 89 Pourashavas in Dhaka Division, 25 
Pourashavas in Barisal Division, 60 Pourashavas in Chittagong Division, 36 
Pourashavas in Khulna Division, 62 Pourashavas in Rajshahi Division, 29 Pourashavas
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in Rangpur Division and 19 Pourashavas in Sylhet Division (Government of 
Bangladesh, 2016b).

Every Union Parishad of Bangladesh has the power to acquire and hold property as it 
has perpetual legacy and a common seal. These functions of Union Parishads are 
entrusted by law which includes maintaining law and order and assisting the 
administration for this purpose; performing administrative and establishment functions; 
providing public welfare services adoption; and implementing development schemes in 
the fields of local economy and society. According to laws, Upazila Parishad is 
assigned to prepare development plans; implement all the transferred activities of the 
government; coordinate and monitor all the departments entrusted to the upazila; 
conduct, repair and maintain the feeder roads; ensure the services of primary health, 
nutrition and family planning; take necessary steps for supplying pure drinking water to 
the people of the locality; facilitate and take necessary programmes for the welfare of 
the people etc. Zilla Parishads are authorized for the construction and maintenance of 
roads and bridges, buildings for hospitals and dispensaries, schools and educational 
institutions, tube-wells for drinking water, health facilities and sanitation, rest houses, 
and coordination of activities of the Union Parishads within the District. According to 
the local government experts, there are at least six key areas of development in which 
local governments can have a strong comparative advantage to deliver both local and 
national objectives to formulate strategic plan. These are- (1) delivering services, (2) 
fostering local economic development, (3) building climate change resilience, (4) 
achieving food security, (5) supporting state-building and democratization in post-
conflict settings, and (6) promoting gender equality. These six may be considered as the 
key objectives of strategic planning for local governments in Bangladesh.

A majority of respondents identify inadequate planning and communication as two 
major challenges to the successful implementation of strategies and strategic planning 
for local government institutions. Other challenges are: ineffective coordination of 
implementation activities, inadequate training given to lower cadre employees, 
insufficient capabilities of employees, lack of clear responsibility, lack of support from 
other levels of management etc. Some respondents argue that there are limited scopes 
of the strategies being used by local government institutions in greatly differing 
circumstances. It is also found that senior government officials typically deal with 
unpredictable situations in local administration. As a result, they strategize in ad hoc, 
flexible, dynamic and implicit ways.

Preparing a strategic plan for a local government is not an indeterminate activity. It will 
take time and cost money of the local people. It is important to ensure that the necessary 
human and financial resources are available at the time of starting this process at local 
levels. However, a sophisticated planning tradition or culture is not common in local 
government institutes. Strategic planning means organizing the future and requires a 
proactive and visionary attitude for any institutions. Use of all available internal
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expertise is very vital in the process. It is also vital to involve experts if necessary. 
Basing on the constructive opinions of the respondents, a set of challenges and 
recommendations for effective application of strategic planning process in local 
government can be enlisted below:

(1) Focusing on long-term realistic local level goals: For the formulation of strategic 
plan for local government units, there must be a common vision of 5 years for all these 
institutions. There must be a collective feeling that professional personnel and tools are 
needed to get there. Ideally, this process should be started since the result of an 
organizational motivation for developing a strategic planning system as the required 
tool to accomplish the long-term goals are to be enhanced. Expectations should be 
reasonable, realistic and credible to prepare improved strategic plan for local 
government institutions.

(2) Focusing on expectations of local stakeholders: It is also essential to keep strategic 
goals in line with the expectations of local stakeholders. In this process, responsible 
persons should avoid gaps between the aspirations and the capacity of the local 
government institutions to cope with them.

(3) Enhancing active role of local leaders and personnel: Ultimate responsibility should 
always be borne at the highest decision making level, i.e. the local congress or central 
government. An absolute prerequisite for successful strategic planning at the local level 
is the availability of professional and dedicated local leaders and personnel who will 
take the responsibility.

(4) Focusing on demand-based strategic priorities at local level: Demand-based 
strategic priorities and goals constitute the core of each strategic plan. Therefore, 
strategic planning will help the local government units to understand their objectives in 
order to develop from a predominated political organization towards a result-oriented 
professional local organization.

(5) Preparing necessary work plan: For successful strategic planning, all necessary 
actions should be enlisted. Preparatory actions at local level such as producing a project 
budget, establishing a working committee, a steering committee, a meeting, a 
communication structure etc. should be prepared.

(6) Clarifying the responsibilities: It is essential to allocate tasks and responsibilities 
properly for the successful implementation of strategic planning in the local 
government. This should be specific not only in what you expect from the participants 
(tasks, job descriptions, outcome etc.) but also in the allocation of responsibilities.

(7) Strengthening monitoring and evaluation: Monitoring and evaluation are critical for 
building strong evidence based strategic planning for any organization by assessing the 
wide and diverse range of interventions. It is a tool for identifying and documenting 
successful strategic planning processes and approaches in local governments through 
monitoring the progress towards common indicators across related local projects.
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The strategic planning practices can be implemented at local levels based on three 
stages. In the first stage, the context of the plan can be framed, the mandate and 
functions of the local institutions can be defined and rationale of the strategic plan and 
methodology can be developed. In the second stage, the situational and environmental 
issues that influence the external and internal aspects of the local government should be 
addressed. Afterward, the aspiring vision, mission, core values and principles, 
strengths, weaknesses, opportunities and challenges, including the core aspects of 
stakeholder analysis and expectations for the local government should be defined. 
Finally, in the third stage, strategic analysis and action programmes should be 
implemented in local governments. Strategic approaches, goals, objectives and 
performance outcomes have to be achieved during the assigned period.

The application of strategic planning practice in local government units can help these 
institutions to enhance their performance by improving efficiency, effectiveness and 
flexibility. Efficient local government units should focus on strategic planning process 
to keep the quality of the services same or improved in a long run. For the successful 
implementation of strategic plans, local government units should allow the allocation 
of responsibilities for diverse functions and processes of different entities directly 
linked with the administrative and political culture. In the era of new public 
management or post-bureaucracy, local government units in Bangladesh need to re-
structure themselves depending on the changing environmental factors and the 
organizational strategies. Such changes will be effective in these organizations by 
introducing strategic planning and organizational reforms to maximize efficiency and 
minimize costs under the local circumstances. As a result, local government units will 
be transformed from bureaucratic public sector organizations to more responsive and 
innovative administration.

Strategic planning in local government institutions can help to establish a programme's 
effectiveness, encourage collaborative activities, and focus on the quality of local 
service delivery issues. It fosters a climate of enhanced accountability for service 
provision. However, it is important to recognize that the strategic issues are not 
without limitations. Strategic planning in local governments can also help to focus 
attention on particular local issues. This paper provides some insights on how some of 
the benefits of applying strategic planning in local governments can be gained by 
minimizing the pointed problems. It is important to develop strategic position in a 
balanced manner from the perspectives of customers, employees and finance at 
different levels in the local government. It is also crucial for strategic planning process 
to develop connections and inform the other key management processes in the local 
government, particularly government policies, local performance management and 
business planning. Strategic planning will make a significant contribution to improve 
local government performance when all these issues will be addressed effectively. The 
challenges that exist for applying strategic planning in local governments are 
substantial. Introducing necessary strategic objectives, designed to improve the
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efficiency and effectiveness of the local government, will require strong leadership and 
guidance. Some of the strategic objectives enlisted in this paper can be easily 
implemented at local levels, but other strategic objectives require changes alongside 
implementation in central administrative positions. Many of these changes are 
achievable. However, some of these changes are considered controversial and more 
complicated to implement. Future research might be conducted to identify the impacts 
of such controversial objectives of strategic planning on local government units.
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production in Bangladesh (Sahid, 2011). Rice is not only the staple food for the entire 
population of Bangladesh but also one of the main sources of economic engagement of 
the rural people. The varieties of rice cultivated in Bangladesh are Aus, Amon, and 
Boro. These varieties are cultivated in different seasons and environmental conditions 
like summer (Aus), monsoon (Amon) and winter (Boro). The major rice crop Boro is 
transplanted in winter and faces high temperature in summer at its reproductive stages. 
It will be affected more with increased temperature in future (Karim et al, 2012). From 
cultivation to harvest, rice is immensely dependable on the existing climatic conditions. 
The most important climatic factors are maximum and minimum temperature, rainfall, 
humidity and sunshine hours. In the favorable state of these climatic parameters, the 
production of rice is expected to be maximum assuming that other concomitant issues 
are properly taken care of. With the climate change, the climatic parameters such as 
temperature, rainfall, humidity etc. are also changing notably (IPCC, 2007) and 
affecting the climate sensitive rice production. Besides, this higher evapotranspiration 
due to temperature rise will demand higher amount of water for irrigation. At the same 
time, the higher temperature will change the crop physiology and shorten the crop 
growth period which in turn will reduce the irrigation days. These contradictory 
phenomena will change the total irrigation water demand which is required to quantify 
for long-term water resources planning and management (Shahid, 2011). So, predicting 
the effect of climatic variables on rice production is of paramount importance as it 
should be addressed properly to the farmers so that they can take proper adaptation 
measures to mitigate the adverse effect of climate change during the cultivation period. 
Numbers of literatures are available on this issue in Bangladesh but the findings of 
those studies are confusing and conflicting to each other. Different studies have used 
different research design and analytical techniques, as such the obtained results are also 
different which are not verified with others' findings. Some of those studies have used 
time series model to predict the effect of climatic variables and some others have 
imparted stochastic models.

The economy of Bangladesh largely depends on agricultural production and rice 
production is the dominant part of it. So it is important to mitigate the adverse effects of 
climate change on rice production and address effective measures (which will attenuate 
the adversity of climate change on rice production) by comprising a precise estimate of 
the effect of climatic variables on rice production. In this regard, this study was 
undertaken to impart both the stochastic and time series models with the aim of finding 
an appropriate model that can be used to estimate the effect of the climatic variables on 
the rice production in Bangladesh.
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2. Literature Review

There prevails notable number of studies that focused on measuring the effect of 
climate change on rice production in Bangladesh. Most of the studies dealt with three 
varieties of rice, such as Aus, Amon, and Boro (Chowdhury, 2015; Ara et al, 2016; 
Karim, 2012; Shahid, 2011). These studies measured the effect of climate change by
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The above discussion is asserting the fact that the existing literatures are enigmatic and 
not decisive about the significance of the effect of the climatic variables on rice 
production in Bangladesh.  So, in the dearth of such study, this study is expected to 
provide a clarification of the significance of the climatic variables on rice production in 
Bangladesh using both stochastic and time series models.

The general objective of this study is to find an appropriate model for estimating the 
effect of the climatic variables on the rice production in Bangladesh. 

Along with the general objective, this study has some specific objectives:

The hypotheses for this study are as follows:

As climatic parameter, this study used yearly data on maximum and minimum 
temperature, total rainfall, humidity, and sunshine hours from 1974-2014. The climatic 
data are collected from Bangladesh Meteorological Department (BMD). BMD is the 
competent authority to preserve such data. BMD has 35 observatory weather stations to 
record climatic data. Data were collected from all the stations and the average of the 
variables was taken to turn them into national level data. Rice production data were 
collected from the Ministry of Agriculture, Bangladesh. The data on total production of 
rice and total areas cultivated for Aus, Amon and Boro varieties throughout the country 
were collected. The ratio of production in the cultivated areas was taken and used as the 
production per hector of land in this analysis. 

- To compare the convergence of the results of different studies that measured the 
effect of climate change on rice production.
- To compare the performance of the time series and stochastic models in terms of 
the accuracy of the prediction.
- To estimate the trend of rice production and the trend of the studied climatic 
variables in Bangladesh.
- To estimate the correlation and causation between the climatic variables and the 
rice production over time.

- Deviation of the climatic variables from its normal position, in any direction, has 
negative effect on climate sensitive rice production.
- Due to misspecification of the statistical models, the prediction about the effects 
of climatic variables on rice production is not converged to the same direction in 
Bangladesh.
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5. Methodology
 
5.1 Data and Study Area
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means of the dominant climatic parameters that includes rainfall, maximum 
temperature and minimum temperature. One of the objectives of these studies was to 
find out the effect of changes in temperature and rainfall on rice production in 
Bangladesh. Most of the studies found significant effect of maximum and minimum 
temperature on rice production to different extent (Zakaria et al, 2009). Some of the 
studies revealed that maximum temperature positively influenced the production of 
Aus and Amon rice production (Sarker et al, 2012) whereas it had negative effect on 
Boro production (Mamun et al, 2015). Some of the studies found that rainfall had 
effect on Aus and Amon rice production but rainfall had no significant effect on Boro 
rice production (Sahid, 2011; Sarker et al, 2012). To measure the effect of climatic 
variables on rice production, the imparted models can be classified as stochastic 
regression model and time series model. Eventually the results as well as the 
recommendations obtained from these analytical techniques were different. In another 
study, the panel data were used to measure the effect of the climatic variables on rice 
production. By using regression model the study revealed that maximum temperature 
had negative effect on rice production whereas the minimum temperature had 
significantly positive effect (Shakoor et al, 2015). In another study conducted by using 
stochastic data envelopment analysis, the effect of rainfall, temperature and humidity 
had been measured on rice production in Bangladesh. The study found that climatic 
variables had no effect on Boro rice production whereas they had negative effect of 
temperature on Aus and Amon rice production (Auffhammer et al, 2006). Humidity 
has positive significant effect on all types of rice production (Basak et al., 2010). 
Using stochastic linear regression analysis, it is found that with the increase of 
temperature, rice production increased (Tuhin et al, 2016). In the global context, recent 
researches confirmed that increasing air temperature with climate change resulted in 
the reduction of rice yield (Peng et al. 2004; Jagadish et al. 2007; Hasegawa et al. 
2011). The change in rainfall pattern with increasing drought frequency and intensity 
decreases rice production (IPCC 2001; Eregha 2014). The threats of climate change on 
rainfed rice are more severe than on irrigated rice. About 23 million hectares of rainfed 
rice in South and Southeast Asia are most vulnerable to climate change (IRRI 2009). 
This underscores the necessity of understanding the climate change impacts on rainfed 
rice to come up with strategies on alleviating the negative impacts and take advantage 
of the positive impacts in improving rice productivity and sustainability. Crop models 
are effective tools in understanding the impacts of climate change on crop production 
(White et al. 1999; Nguyen et al. 2002; Matthews et al. 1997). Modeling studies 
showed that climate change would cause a decrease in rice production in most areas, 
while an increase might occur in special areas. However, the temporal changes in rice 
production were quantified by models with fixed cropping seasons over the continuum 
of climate change. In a study conducted in Pakistan using stochastic Cobb Douglas 
production function found that due to increase of 1-3 degree Celsius temperature rice 
production could be increased up to 4 percent whereas due to increase of 5-15 percent 
rainfall the production of rice could be decreased up to 15 percent (Mahmood et al, 2012).

Effect of Climate Change on Rice Production in Bangladesh: A
Comparative Study between Time Series and Stochastic Models
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The production of rice is sensitive to the climatic factors such as temperature, rainfall, 
humidity, sunshine hours etc. So, any change of the climatic variables will affect the 
production of rice. Aus, Amon, and Boro are the cultivated rice varieties in Bangladesh 
and these are cultivated in different seasons when the climatic variables are in different 
states. The research on the effect of climatic variables on rice production is not rare in 
Bangladesh but the findings are not converged to any direction despite their similarities 
on data and study areas. The conducted studies use different analytical methods and the 
obtained results are also different. This study is undertaken to clarify the findings of the 
effect of climatic variables on rice production in Bangladesh by both time series and 
stochastic models. Two stochastic models and a time series model were imparted on the 
yearly rice production data and the climatic variables; maximum and minimum 
temperature, rainfall, humidity, and sunshine hours were taken into consideration for 
measuring their effects on rice production. The imparted stochastic models were 
multiple linear regression model and quadratic model; these models were estimated 
with and without time interaction. As time series model, this study imparted the Auto 
Regressive Integrated Moving Average model with external variables called ARIMAX. 
The obtained results suggested that the effect of climatic variables on the rice 
production was different with intensity and direction. This study found that time series 
ARIMAX model performed better in terms of predictability followed by stochastic linear 
regression model with time interaction. So, before selecting any particular method to 
measure such effect, we needed to verify the preciseness of the selected method and the 
consistency of the obtained estimates. 

Bangladesh is an agro-based country. Agricultural production is the main source 
of livelihood in the rural area of Bangladesh, providing 62.1% of employment and 
contributing to 15.89% of Gross Domestic Product (World Bank, 2014). Among 
the agricultural products only rice is contributing to about 71% of total agro based
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A time series (Yt) is said to follow an integrated autoregressive moving average model 
if the dth difference Wt=   d Yt is a stationary ARMA process. If {Wt} follows an 
ARMA (p, q) model, we say that {Yt} is an ARIMA (p,d,q) process. If d=1 then   
Wt=Yt-Yt-1, then the mathematical function of  ARIMAX model can be written as;

5.2.3 Autoregressive Integrated Moving Average Model with External 
Variables (ARIMAX)

5.2 Methods 

5.2.1 Box-Cox Transformation

5.2.2 Mann-Kendal Test for Detecting Trend
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To hold the normality assumption of the regression model the appropriate 
transformation for the parameters can be identified by the Box-Cox transformation. In 
order to achieve the normality of the data series, the following transformation was 
imparted and the transformed series was incorporated for regression analysis:

Non-normality pattern of the climatic variables (Kendall, 1987) requires the use of 
Mann-Kendall test to detect whether there is presence of any trend of the data. This was 
done in this study on the rice production data as well as on the climatic variables. The 
test statistics of non-parametric Mann-Kendal (M-K) test developed by Gilber (1987) 
based on the difference between two successive time periods is:

Positive value of S indicates the upward trend in the data; negative S value indicates the 
downward trend. If the value of S is zero, then it indicates the absence of trend in the 
time series.

Effect of Climate Change on Rice Production in Bangladesh: A
Comparative Study between Time Series and Stochastic Models

y(  ) is the resulted series after applying the transformation and    is the transformation 
coefficient.

y (  ) =
log (y) =

if    # 0{ if    = 0

y  -1

s = sign (xj - xk)
n-1

k=1

n

j=k+1

{where,      sing n (xj - xk) = 
+1 if  sign (xj - xk) > 0
0 if  sign (xj - xk) = 0
-1 if sign (xj - xk) < 0

Wt =    1 Wt-1 +    2 Wt-2 + ... ... ... ... +    p Wt-p + et - 01et-1 - 02et-2 -  ... ... ... ... - 0qet-q + X

6.2 Trend Analysis of Production of Rice and the Seasonal Climatic 

Variables 
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The mean production of rice is highest in Boro rice followed by Amon and Aus 
respectively. At the same time, Boro rice production is less steady (sd= 0.66) compared 
to Aus (sd = 0.39) and Amon (sd= 0.37).  Average maximum temperature is the highest 
during the Aus cultivation and the lowest at the time of Boro cultivation. The same can 
be observed in case of minimum temperature. Amon rice is cultivated during the rainy 
season and got maximum rainfall whereas the average rainfall during the cultivation of 
Boro rice is comparatively less since it is cultivated in the winter. 

Figure 1: Trends of yield for Aus, Amon and Boro from 1974-2015 in Bangladesh

The production of rice per acre is highest for Boro followed by Amon and Aus rice 
production. In 2012, the average production for Amon was higher compared to Aus, 
which was an exception. Due to the use of modern technology and improved varieties, 
the production of all types of rice is increasing over time and the delineation of the 
graphs depicts that it has got a momentum from year 2000.

To test whether the changes of yield of rice production and the synchronized changes of 
the climatic variables are significant or not, the non-parametric Mann-Kendall test was 
adopted and the following results were obtained: 

Effect of Climate Change on Rice Production in Bangladesh: A
Comparative Study between Time Series and Stochastic Models
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Two stochastic models were used in this study. One of them dealt with the climatic 
variables as predictor and another one considered time interaction with the climatic 
variables. The first model is:

To reveal the prevailing condition of rice production and the climatic variables, 
exploratory data analysis method was adopted and the following results were obtained:

6. Results and Discussion 

6.1 Descriptive Analysis
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5.2.4 Stochastic Regression Model

Table 1: Descriptive Statistics for climatic and rice yield used in analysis over the study 
period, 1974-2014

Statistics 
Variables 

Yield (per hector) Maximum Temperature Minimum Temperature Total Rainfall 
Aus Amon Boro Aus Amon Boro Aus Amon Boro Aus Amon Boro 

Mean 1.29 1.64 2.8 32.19 31.34 29.66 24.14 24.24 18.28 57785 60903 14954 
Std. dev. 0.39 0.37 0.66 0.55 0.42 0.53 0.38 0.3 0.43 9870 10903 4478 
Max 2.50 2.36 3.97 33.35 32.17 30.90 25.23 25.18 19.13 75015 78835 25436 
Min 0.90 1.10 1.80 30.78 30.47 28.53 23.42 23.69 17.48 31709 38138 4582 

The production of rice depends not only on the climatic factors, but also on other 
concomitant factors, such as improved technology, modern seeds, fertilizers etc. These 
factors are not included in the econometric models but their effects on the production 
are blended. So, in order to address this phenomenon, we included time as a variable in 
the model and the objective was to see the significance of the coefficient (  6) of the 
time variable. Therefore, the second stochastic model that was supposed to consider the 
time-interaction with the climatic variables is: 

Where, Productioni =
Aus Production
Amon Production
Boro Production){

Productioni = a +   1 maximum temperature +   2 minimum temperature +   3 rainfall
+    4  humidity +   5  sunshine hours + stochastic error term

Productioni = a +   1 maximum temperature +   2 minimum temperature +   3 rainfall
+    4  humidity +   5  sunshine hours +   6 time+stochastic error term



6.3 Correlation between Rice Yield and Climatic Variables
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Table 2: Trend analysis for rice yield and climatic variables over the study period, 
1974-2014

It was tested and the findings revealed that the production trend for three types of rice 
yield was significantly increasing. If we look into the value of the Mann-Kendall test 
score we will find that the test score is highest for Boro (score=746) followed by Aus 
(score=716) and Amon (score= 687) which perhaps indicates that the acclivity of rice 
production is higher for Boro than the other two types of rice. The study found that both 
the maximum and minimum temperature was significantly increasing in all the seasons 
when Aus, Amon, and Boro rice were cultivated. The result also suggested that this 
increasing pattern of maximum temperature was the highest during the Amon 
cultivation period followed by Aus and Boro cultivation period but the minimum 
temperature showed different pattern of increasing trend, which was the highest during 
the Aus cultivation time followed by Amon. Rainfall showed significant increasing 
trend during Aus and Amon production and the trend for humidity was only significant 
during the Boro rice production period. The above discussion of the obtained results 
revealed the variant existence of climatic factors in the cultivation periods of Aus, 
Amon and Boro rice. 

Correlation analysis was done to find the direction of relation of the climatic variables 
on the rice production. 
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Rice Crops Climatic Variables Score Tau p-value Remarks 

Aus 

Yield 716 0.877 0.000 Significant increase 
Maximum Temperature 438 0.53 0.000 Significant increase 
Minimum Temperature 355 0.435 0.000 Significant increase 
Rainfall 262 0.32 0.003 Significant increase 
Humidity 125 0.153 0.163 No trend 
Sunshine Hours -217 -0.266 0.015 Significant increase 

Amon 

Yield 687 0.839 0.000 Significant increase 
Maximum Temperature 579 0.708 0.000 Significant increase 
Minimum Temperature 258 0.315 0.004 Significant increase 
Rainfall 362 0.441 0.001 Significant increase 
Humidity 145 0.177 0.105 No trend 
Sunshine Hours -317 -0.389 0.001 Significant decrease 

Boro 

Yield 746 0.913 0.000 Significant increase 
Maximum Temperature 196 0.24 0.023 Significant increase 
Minimum Temperature 180 0.22 0.044 Significant increase 
Rainfall 36 0.043 0.694 No trend 
Humidity 344 0.42 0.001 Significant increase 
Sunshine Hours -481 -0.588 0.000 Significant decrease 

6.4 Transformation of the Response Series to Achieve Normality

23

Table 3: Correlation analysis between rice production and the climatic variables

The correlation analysis indicates that most of the studied climatic variables are 
significantly correlated with the three varieties of rice production. Both Maximum and 
minimum temperature have significant positive correlation with all varieties of rice 
production. Rainfall has significant positive correlation with the production of Aus and 
Amon rice but no significant correlation with Boro. Humidity has positive correlation 
with Boro production but not with the other two varieties. Sunshine hours have 
significant negative correlation with rice production in case of Amon and Boro.

The stochastic linear regression models are estimating the parameters under some 
assumptions and normality of the dependent variable is one of the key assumptions. If 
the original time series does not follow normal distribution, appropriate transformation 
can be applied and that will make the series statistically normal. Box-Cox 
transformation was imparted on the dependent rice production variables and the 
transformed series were used for analysis. 

Significance code: '**' significant at 5%, '*' significant at 1% level of significance

Figure 2: Box-Cox transformation for achieving the normality of the Boro rice production data

Effect of Climate Change on Rice Production in Bangladesh: A
Comparative Study between Time Series and Stochastic Models

Climatic Indicators 
Rice Verities 

Aus Yield Aman Yield Boro Yield 
Maximum Temperature 0.657** 0.830** 0.334* 
Minimum Temperature 0.524** 0.356* 0.333* 
Total Rainfall 0.347* 0.535** 0.105 
Humidity 0.057 0.276 0.573** 
Sunshine Hours -0.275 -0.439** -0.725** 
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temperature has no effect on Aus rice production that has been proved by all the 
models. But it has negative effect on Amon production which has been found by MLR 
and ARIMAX models. It is also found that minimum temperature has no significant 
effect on Boro rice production but the result is different in time interactive linear 
stochastic model. Rainfall has shown no significant effect on rice production in 
Bangladesh. Humidity has negative effect on Aus production but positive effect on 
Boro. No significant effect of it on Amon production is noticed. Sunshine hours are not 
significantly affecting rice production but they may have some negative effects on Boro 
rice production. It is mentioned that all the models with time interaction have been 
found significant. 

The goodness of fit test for the estimated models has been carried out and the results are 
as follows:

Table 5: Performance analysis of the estimated models 

The result of the diagnostic test ensures the goodness of fit of the estimate models 
alongside the accuracy and consistency of the estimates for all the models. Basing on 
the above goodness of fit test, it can be said that the parameters estimated by time series 
ARIMAX model are precise and consistent in comparison to the other models. 

In order to estimate the effect of the climatic variables on the rice production in 
Bangladesh, this study used both time series and stochastic models. One of the key 
objectives of this study is to find an appropriate model that will give better prediction 
than the existing models for measuring the effect of climatic variables on rice 
production. Literature review has indicated that the findings are different in different 
studies. In our study, we have incorporated the commonly used econometric models 
and tried to find a model that will give consistent prediction to measure the effect of the 
climatic variables on rice production in Bangladesh. Basing on our analysis, we found 
that the ARIMAX time series model provided consistent prediction for measuring the 
effect followed by time interactive linear regression model. So, it is better to go for a 
pure time series model to estimate the effect of the climatic time series data. Otherwise, 
we, at least, need to consider the time information as an interaction variable in the 
analysis. It is also recommended that this approach can be contemplated for the other

Effect of Climate Change on Rice Production in Bangladesh: A
Comparative Study between Time Series and Stochastic Models

Climatic 
Variables 

 Aus  Amon  Boro 

MLR 
MLR with 

Time 
Interaction 

ARIMAX MLR 
MLR with 

Time 
Interaction 

ARIMAX MLR 
MLR with 

Time 
Interaction 

ARIMAX 

R-square 0.533 0.84 0.88 0.78 0.94 0.94 0.72 0.96 0.97 
Adjusted 
R-square 

0.465 0.81 0.87 0.75 0.93 0.93 0.67 0.95 0.96 

RMSE 0.18 0.12 0.10 0.17 0.09 0.08 0.14 0.10 0.09 
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Table4: Model estimation for measuring the effect of climatic variables on the rice yield 
by both stochastic and time series models

Significance code: '***' significant at 1%; '**' significant at 5%; '*' significant at 10% 
level of significance.

Note: MLR: Multiple Linear Regression.

It is evident that the estimates of the climatic parameters for the time series and 
stochastic regression models are different. In multiple linear regression model 
maximum temperature has shown positive significant effect on Aus rice production 
but the time interaction linear regression and ARIMAX models have shown negative 
significant effect. In case of Amon rice production the temperature is exerting positive 
significant effect in both time series and interaction stochastic models. So, it can be 
said that the maximum level of increase in temperature can positively influence the 
Amon rice production, but its effect on Boro rice production is negative. Minimum
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Climatic 
Variables 

 Aus   Amon   Boro 

MLR 
MLR with 

Time 
Interaction 

ARIMAX MLR 
MLR with 

Time 
Interaction 

ARIMAX MLR 
MLR with 

Time 
Interaction 

ARIMAX 

ar(1)   0.045**   -0.87***   -0.91*** 

ar(2) 
  

- 
  

-0.32* 
  

0.40* 

ar(3)   -   -   0.59*** 

ma(1) 
  

-1.26*** 
  

0.999*** 
  

0.99*** 

ma(2)   0.99***   -   - 

Maximum 
Temperature 

0.49** -0.187* -0.075* 0.831*** -0.052 0.196*** 0.491** -0.25** -0.051* 

Minimum 
Temperature 

-0.056 -0.008 -0.074 -0.401** -0.039 -0.159* -0.204 0.197* 0.021 

Rainfall 0.001 -0.001 0.001 0.001 -0.002* 0.002 -0.002 0.001 0.011 

Humidity 0.014 -0.061* -0.04*** 0.051 -0.052 0.014 0.071* -0.061** 0.011* 
Sunshine 
Hours 0.0012 0.045 -0.032 -0.075 0.024 -0.176 -0.64** 0.102 0.061 

time 
 

0.039*** 
  

0.034*** 
  

0.067*** 
 

Constant -1.50* 1.16*  -1.85*** 4.15  -8.04 8.94**  

6.5 Regression Analysis
Literature review indicates that the estimates of the stochastic and time series models are 
providing different results for the same dependent and independent variables. The sign 
and magnitude of the estimates are different, the significance of the estimates is also 
found different in different studies. In this study, we have incorporated three types of 
regression models and the findings of those models are shown in the following table:



5. Results and Discussions

6. Challenges

BPR is not a new approach to simplify the business process for an organization. Now a 
days, it has become a culture in Bangladesh by the initiatives of Access to Information 
(a2i) Programme. Simplifying government organizations' services is the major working 
area of a2i. Primary school Teacher Transfer System's simplification is done by 
following the a2i's service process simplification procedures where time, cost and visit 
(TCV) are compared taking both the existing system and the proposed system into 
account. This proposed online teacher transfer system will add enormous value to the 
DPE.  An applicant will get quality service by the improvement of service delivery time, 
user friendly system, and interactive notification option. Thus, applicant satisfaction will 
increase substantially which is the ultimate target of an organization to deliver citizen 
centric services.

In the proposed teacher transfer system, some policy level changes are required to make 
it implementable. These are involved with personnel, automatic rules and conditions 
checking and reducing some unnecessary attachment during application. The most 
challenging part of the proposed teacher transfer system is changing the teacher transfer 
policy because it is likely to take a few months to approve the changed policy. Ministry 
of Primary and Mass Education (MoPME) is the competent authority to change the 
teacher transfer policy. Basing on the demand, MoPME did it in 2009, 2011 and 2015 
respectively. Therefore, DPE will send request for policy level changes  for the new 
online based teacher transfer system to MoPME. The second challenge is the implementation 
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Figure 4: Service Quality Improvement between the existing and the Proposed Teacher 
Transfer System
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submission. Secondly, in every successful or unsuccessful state, it will also send 
messages to the applicants automatically. By this mechanism, an applicant can track his 
status from the system. This will ensure better transparency in comparison with the 
existing system. By submitting application through online teacher transfer system and 
receiving transfer order from the system in electronic format, an applicant does not 
need to visit the service provider offices which will save the money for the visits. 
Altogether, benefits and quality service delivery mechanism of the proposed system 
will give ultimate job satisfaction to the applicant. Information flow of Teacher Transfer 
System is illustrated in Figure 3.

Figure 3: Information Flow of Teacher Transfer System

A comparison between the existing system and the proposed system in terms of time 
cost and visit (TCV) is shown in Table 2 and service quality improvement is shown in 
Figure 4:

Table 4: TCV Analysis of Existing and Proposed System
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 Time 
(Day) 

Personnel Steps 
Involved 

Visit Expense ( per visit cost 
BDT 500 assumed)  

Existing 
System 

25 10 15 7 Visit cost: BDT 3,500.00 

Proposed 
System 

5 4 5 2 (assumed and may 
not be needed) 

Visit cost: BDT  
1,000.00*  (assumed and 
may not be needed) 

7. Conclusion
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BPR of the Primary School Teacher Transfer System will ensure the quality service 
which will contribute greatly to the citizens of Bangladesh and one step forwarding 
initiative by the DPE in the field of e-Governance. The proposed system needs to be 
developed in e-service with the demand of implementation within the shortest period of 
time to serve the benefits for the advancement of primary education system in 
Bangladesh.

part of the proposed system e.g. online based teacher transfer application entry. DPE is 
giving ICT equipment to schools and training to teachers but they need adaptation to the 
new technology. During this transition period, UEO and Union Digital Centre will help 
them to operate on the new online based teacher transfer system. Other important issues 
are: tracking the application i.e. whether it is executed or not, and sending notification to 
applicants as well as the system users. DPE has a centralized database system in its head 
office where the teachers will be able to send their online transfer application forms 
anywhere within the country. In the proposed system, a dashboard will be there for 
application tracking by the teachers and the authority. Therefore, they can track the 
application status through the proposed online system. Moreover, the teachers will be 
automatically notified about each successful or unsuccessful status with reasons through 
mobile SMS in their cell phones by the proposed Teacher Transfer System.
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8. Future Work
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can be possible during the second phase improvement of e-service redesign of the 
proposed system by which transferable teacher's application will be uploaded 
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that demands high priority for the authority to optimize this service to make it hassle-
free, provide faster delivery, minimize the number of visits and ensure transparency.

World-wide fierce competition forced organizations to re-engineer their old-fashioned 
processes to reach new heights of success (Belmiro et.al., 2000). Business Process 
Reengineering (BPR) is ensured through eliminating some processes and finding new 
ways of doing things. It helps organizations to change their old-fashioned structures by 
adopting innovative processes. Successful implementation of BPR brings many benefits 
to the organization (Cao et.al., 2001). According to Hammer, 1990, customer 
satisfaction, increased productivity, higher flexibility, improved coordination and 
improved competitive advantage are some of the notable benefits of successful BPR 
implementation (Pattanayak, and Roy, 2015).

At present, BPR is becoming the common practice in different government 
organizations of Bangladesh to maximize the efficiency in the service delivery 
mechanism for its citizens. DPE is also participating in this development initiative by 
developing several services. BPR, related to teacher transfer system, is one of the 
prioritized initiatives by DPE. To achieve a viable and effective new process, all levels 
of stakeholders, starting from the ministry down to field offices, were consulted and best 
possible methods were devised. Accordingly, we proposed an innovative primary school 
teacher transfer model for DPE, People's Republic of Bangladesh.

Primary school teacher transfer is being executed manually according to the "Teacher 
Transfer Policy of Government Primary School, 2015" by Upazila/Thana Education 
Officer (UEO/TEO), Upazila Education Committee, District Primary Education Officer 
(DPEO), Divisional Deputy Director (Divisional DD), Director General and MoPME. 
Due to the involvement of several officials in the chain of recommendations or 
approvals and manual operations of transfer system, applicants are suffering from 
delayed delivery, a lot of visits and associated cost and in some cases unwanted 
harassment.

Business Process Reengineering (BPR) is defined as a radical redesign of processes in 
order to gain significant improvements in cost, quality, and service (Hammer and 
Champy, 1993). As the reengineering concept evolves within an organizational 
environment, the current structure has to support fundamental aspects of the concept. 
In other words, the organizational structure should be flexible and lean enough to 
make possible an effective re-design of a company's business processes. (Belmiro 
et.al., 2000). BPR is an approach to the management change in which four different 
types of organizational changes are identified i.e. change in process, structure, culture 
and politics. They are seen to be interrelated rather than isolated (Cao et. al., 2001).
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2.  Problem Definition

2.1.  Literature Review
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Traditional teacher transfer system is shown in Figure 1. In a routine case, 3 to 6 
offices are involved with the transfer of a teacher. It involves 6 to 10 persons and 
takes 5 to 25 days to cover 9 to 15 steps. If any teacher applies for transfer within the 
same upazila, then valid application is forwarded to DPEO by the recommendation 
of Upazila Education Committee. Otherwise, it is forwarded to DPEO by the 
recommendation of UEO/TEO. The decision to consider one's application is based 
on the location the applicant intends to go. Accordingly, it is forwarded to DPEO or 
Divisional DD or Director General (DG).  When the transfer request is within the 
same district, DPEO takes the decision. Divisional DD takes the decision if it is 
within his division. Otherwise, it is done by the DG. If an applicant is transferable, 
then a transfer order is given by the UEO/TEO for the same upazila, by DPEO for 
the same district and by Divisional DD for the same division. For City Corporation, 
including interdivision transfer order, the transfer order is issued by the DG.

Table 2: Teacher Transfer Authority [Source: Teacher Transfer Policy of Government 
Primary School, 2015]

Table 3: General Criteria and Documents Needed for Teacher Transfer [Source: Teacher 
Transfer Policy of Government Primary School, 2015]

BUP JOURNAL, Volume -5, Issue -1, May 2017

2.2. Existing System Model 

Short Description 
about Service 

Transfer Location Approval/ Recommend  Conditions 

Same Upazila/Thana TEO/UEO, Committee Recommend 
Inter Upazila DPEO Approve/Forward 
Inter District Divisional DD Approve/Forward 
Inter Division Director General Approve 

General Application 
Criteria 

1. After joining job experience at least two years 
2. Not transferred within one year 
3. Exchange transfer: Teacher student ratio 1:40, applicant school has 

more than five teachers, not going to Post Retirement Leave (PRL) 
within one year 

Necessary 
Documents 

1. Application 
2. Special Case:  

a. Marriage: Marriage Certificate and Spouse’s permanent address 
certificate provided by Municipality Mayor/Union Parishad 
Chairman/Ward Councilor, Land Certificates, Land Tax Certificate 

b. Divorced/Widow: Father’s permanent address certificate provided 
by Municipality Mayor/Union Parishad Chairman/Ward Councilor, 
Land Certificates, Land Tax Certificate 

c. River erosion/natural disaster: Certificate from Assistant 
Commissioner (Land) and Union Parishad Chairman/Ward 
Councilor Certificate 

d. Incurable disease: Testimonial of related Medical Board, treatment 
related evidences 
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Business Process Modeling (BPM) is arguably one of the important domains of interest 
of information systems research over the past three decades. From an Enterprise 
Modeling perspective, BPM is valued as a complement to domain modeling. It allows 
capturing the organizational dimension in terms of actors, activities, and workflows. 
BPM (or process models for short) is required as a basis for knowledge transfer, quality 
purposes, regulations, communication between internal and external collaborative 
partners, and documentation in general. BPM also plays an important role in the 
requirements of engineering process of software systems development. "As-Is" model 
helps to understand the work that needs to be supported by information systems. 
Designing high quality "To-Be" business process models is a prerequisite for leveraging 
the benefits of process improvement and it is crucial for the design of information 
systems. Good process model design can help to avoid errors right from the beginning. 
This is vital since the cost of errors increases exponentially over the development 
lifecycle (Isel Moreno-Montes et.al., 2014).

According to existing system model (Figure 1), at a normal case, a teacher can apply 
only from January to March each year and rest of the months they are not allowed to do 
so except in special cases. For the routine case, teacher can apply for transfer if he/she 
has at least two years of experience as teaching staff along with a work experience of 
one year or more at the present school. There are two types of teachers working in 
government primary school namely Head Teacher and Assistant Teacher. Teachers can 
apply for transfer to the same Upazila/Thana, inter-Upazila, inter-District, inter-
Division and City Corporation. Basing on the types of teachers and location applied for, 
there are three to five recommendations and approval authorities. These are: 
Upazila/Thana Education Officer, Upazila Education Committee, District Primary 
Education Officer, Divisional Deputy Director, Director General of DPE and Secretary 
of MoPME. For routine cases upon receiving a valid application, it takes 5 to 25 days to 
release the transfer order as it involves 6 to 10 personnel at different offices. On the 
other hand, there are some special grounds to transfer in Teacher Transfer Policy 2015. 
These are marriage related transfer, administrative transfer, exchange transfer, 
attachment transfer and other types e.g. incurable diseases. For the transfer on special 
ground, service delivery time and associated personnel both may differ from case to 
case.

Basing on the Teacher Transfer Policy 2015, Teacher Transfer Service Profile can be 
summarized as shown in Table 1:
Table 1: Teacher Transfer Service Delivery Time [Source: Teacher Transfer Policy of 
Government Primary School, 2015]

Quality Improvement of Primary School Teacher Transfer System in
Bangladesh: A Business Process Reengineering Approach

Service Provider 
Office/ Committee 

Responsible 
Officer/Committee 

Service Receiving 
Location 

Required Time  

UEO/TEO Officer, UEO/TEO UEO/TEO 2-3 days 
Upazila Committee Committee Chairperson  UEO/TEO 3-5 days 
DPEO Officer, DPEO DPEO 5-8 days 

Divisional DD Office Divisional DD Div. DD Office 8-15 days 

DPE Director General DPE, Dhaka 15-25 days 

4. Comparative Analysis

verify it. If it is found authentic during the verification of attachment, then UEO/TEO 
will forward the application to DPEO by uploading the processed application to the e-
File System. On the other hand, if the verification proves that the attachment is 
unauthentic, then UEO/TEO will reject the application to the system with justification 
and the new system will notify the applicant. Apart from that, if verification is not 
needed, then UEO/TEO will upload it through e-File System and forward it to DPEO 
with a file note.

E-File Management System (e-File) is developed by Access to Information Programme 
(a2i) of the Prime Minister's Office, Government of the Peoples Republic of 
Bangladesh through which all file related activities can be performed. Thus, by using 
the system, it will enhance the desk related tasks because the authentic user can do their 
file related work from anywhere at any time. Therefore, this proposed system will use 
e-File System for the approval of teacher transfer application and will release the 
transfer order to applicant as well as relevant officials electronically.

DPEO will check the transfer location request of the applicant from the e-File and 
approve it if he/she is the approval authority. At the same time, he/she will release 
transfer order to the applicant. Otherwise, he will forward it to Divisional Deputy 
Director (DD). This process is the same for Divisional DD. If any application is 
forwarded to Director General of DPE, he will only approve the application and release 
transfer order to the applicant. All concerned will also be informed once the approval is 
being made by any level of approving authority.

The proposed Teacher Transfer System ensures the quality service by reducing 
delivery service time significantly with the help of recommended automated teacher 
transfer system and existing e-File System. Some less necessary steps and personnel 
involvement are discarded from the existing system to make it efficient (Like: Upazila 
Education Committee which is not available in proposed system). Moreover, 
recommendation part by the authorities of the existing system is being totally omitted 
in the proposed system. Furthermore, in the proposed system, only TEO/UEO is 
involved in the verification process of the attachments of the applicants. The most 
important part of the proposed system is automatic verification of all the rules and 
requirements as per the Teacher Transfer Policy 2015 within a few moments whereas 
in existing system, it takes more than one day in each step. In the existing system, 
scrutinized transferable application needs to go for a traditional file processing system, 
which takes much longer time in each office. In addition, a moving forward to the 
teacher transfer file for approval from one office to the higher authority office is also a 
time-consuming procedure. These types of shortcomings are addressed in the proposed 
system by recommendation of using e-File System. As a result, transfer order of an 
applicant can be released within the day of application and it will take maximum 5 
days in some cases which is a major change in the existing transfer process. Firstly, the 
proposed system will automatically notify the applicants about successful application
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At present, Directorate of Primary Education (DPE) has taken initiatives to develop 
several e-service facilities to improve the present level of services for quality education. 
First, this kind of development initiative is simplifying the service process. Secondly, it 
transforms the service process to e-service. Simplifying the primary school teacher 
transfer service is one of the high priority development issues for the DPE as it deals 
with more than five lac teachers at different locations of Bangladesh. To simplify it, we, 
first of all, identified the involvement of personnel which could be avoided in this 
process. We also determined the number of redundant visits and processes during the 
service period. Subsequently, we simplified this service by reducing the avoidable 
matters as stated above. As a result, in our simplified primary school teacher transfer 
system, the service delivery process will be faster and significantly reduce costs and 
number of visits. The proposed model is efficient, as it will reduce service delivery time 
by one-fifth. Both the need for personnel involved at different tiers of administration 
and visits needed by the teachers to each administrative office will be reduced by one-
third. Consequently, if implemented, primary school teachers will enjoy quality transfer 
system from this efficient service delivery mechanism and the service providers will 
become more transparent as well.

Among all the government systems in Bangladesh, primary education system is the 
largest one.  According to the Annual Primary School Census Report 2015 published by 
the DPE, Bangladesh, the total number of primary school teachers is 527,798. Among 
them, 322,766 teachers are working in three categories of primary schools. These are 
Government Primary School (GPS), Newly Nationalized Primary School (NNPS) and 
Experimental Primary School (APSC 2015). At Present, Ministry of Primary and Mass 
Education (MoPME) is managing the transfer of government teachers manually by the 
Teacher Transfer Policy of Government Primary School, 2015 (Teacher Transfer Policy 
2015). Every year from January to March MoPME, DPE and primary educational field 
offices are physically providing this transfer service to the primary school teachers 
which is a colossal and time consuming task for the authorities. Now it is an issue

Keywords: Business Process Reengineering (BPR), e-Service Design, Innovation, 
Service Process Simplification (SPS), Teacher Transfer System.
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Figure 1: Existing System Model [Source: Teacher Transfer Policy of Government 
Primary School, 2015]

Analysis of the process and system model reflects that some steps are incurring time-
delay in service delivery of the existing process. As a result, teachers are suffering 
(Like: transfer recommendation by the Upazila Education Committee). Moreover, 
manual collection of school's vacant post and updating this list in regular interval are 
time consuming works by the DPEO. Therefore, sometimes teachers are unable to 
know about the vacancy state of concerned schools. This information is essential for 
the applicants. Moreover, in some cases less necessary or unnecessary papers and

2.3. Drawbacks of the Present System 
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certificates need to be attached (like: Land Dolil, Khotian, and Land Tax Receipt etc.) 
along with application. For manual operation in each level, it takes a longer time to 
release the transfer order and sometime this transfer system reflects lack of 
transparency because of manual file processing delay in each step and the teachers are 
not notified in time about the progress of the process.

In the proposed system model (Figure 2), involvement of unnecessary personnel is 
avoided and two electronic online systems are suggested to optimize the service. First 
step of the proposed system is to receive 'online application' from the interested 
teachers. Teachers will apply to the new online based Teacher Transfer System and 
attach the necessary documents. During the application process, teachers will be able to 
view the desired vacant posts from the list of the schools. After the selection of specific 
post in a particular school by the teacher, new online based Teacher Transfer System 
will verify all the requirements according to Transfer Policy 2015. If all the rules and 
requirements are fulfilled, then the new system will notify successful submission. 
Otherwise, it will deliver unsuccessful message with reasons explained to the teacher. 
The teachers may fulfill those requirements and resubmit the application. When an 
application is accepted by the new system, UEO/TEO will check for attachment and

BUP JOURNAL, Volume -5, Issue -1, May 2017

3. Proposed System Model

Figure 2: Proposed System Model of Teacher Transfer
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Previous researchers mainly concentrated on identifying the challenges of 
implementing ERP/generic software in different industries.

3. Research Design

42

Such initiatives, however, are found to be challenging for most institutions. According 
to Cognizant (2013), there is a high failure rate of core banking system 
implementations. 25% of core banking system transformations fail while 50% do not 
achieve the transformation objectives and consequently only 25% of the 
transformations can become successful. There are several reasons behind this 75% of 
CBS implementation failure. 

To avoid CBS failure, Bogaerts (2011) suggested 4C's for successful CBS 
implementation i.e. Componentization, Core, Compliance and Customer Centricity. 
Nupur (2010) identified three factors of E-Banking (CBS) performance that influence 
the customer satisfaction i.e. reliability, responsiveness and assurance. Bangladesh is in 
a very early stage of e-banking service quality (Munir, 2015) provided by CBS. 

Eastern Bank Ltd. first introduced structural automation among Bangladeshi banks 
(Mia et al., 2007). After Eastern Bank Ltd., rest of the banks in the industry have taken 
the initiative to transform themselves from traditional to online banking (Ali & Akter, 
2010), which was a survival need for these banks (Hasan et al., 2010).  

Banking industry of Bangladesh currently has 56 scheduled banks which includes six 
State-Owned Commercial Banks (SCOBs), two specialized banks (SDBs), 39 private 
commercial banks (PCBs) and nine foreign-owned commercial banks (FCBs). Out of 
39 PCBs, 8 PCBs are based on Islami Shariah (Bangladesh Bank, 2016). All of the 
scheduled banks in Bangladesh operate under Company Act 1994 and Bank Company 
Act 1991(Amended up to 2013). These Banks are functioning under the full control and 
supervision of Bangladesh Bank, which is the Central Bank of Bangladesh.

Due to the rapid expansion of IT since the beginning of the millennium, Bangladeshi 
banks were moved to incorporate expensive foreign CBS, which offers more 
functionality, flexibility and adaptability to deal with the ever changing nature of 
market demand and competition. However, some banks such as Jamuna Bank Ltd. and 
Islami Bank Ltd. are still working with locally built CBS; and some banks are on the 
way of changing their CBS for the second time (Basic Bank Ltd.) or upgrading their 
CBS version (EXIM Bank Ltd.). Thus, CBS is essential for any bank in Bangladesh and 
the world per se (Rahman & Qi, 2016). 

Rahman & Qi (2016), studying seven commercial banks in Bangladesh have identified 
three primary sources of CBS implementation challenges i.e. management, technology, 
and vendor. These factors include consensus on requirements, the role of employees, 
vendor capabilities and credentials, the software flexibility, user friendliness, capability 
to meet requirements, required employee skill sets and data migration. In this study, 
these implementation challenges will be used to find out whether these challenges have 
influences over the performance of CBS.
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Factors Affecting Core Banking Software Performance in 
E-Banking: An Exploratory Study on Bangladeshi Banks

Mohammad Anisur Rahman1
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The Banking sector of Bangladesh is embracing Information Technology (IT) to 
advance and cope with the competitive world by providing their customers with efficient 
services. The most important technology the banks are implementing as a part of IT 
embracement is Core Banking Software (CBS). What a bank can offer and will offer 
depends on the CBS performance. This exploratory study seeks to pinpoint the factors 
affecting CBS performance of commercial banks in Bangladesh by collecting data from 
153 respondents of seven different commercial banks' IT department. The data were 
analysed using Partial Least Square Method (PLS) based on Structural Equation 
Modeling (SEM) with Smart PLS 3.0. This study finds that software related factors have 
the most influence on the CBS performance followed by management related and 
vendor related factors. The managers in the banks should consider these factors while 
choosing, implementing and upgrading their CBS. The findings of the study may help 
the academicians to explore the factors in other cultures, countries, and cross-industry. 
Keywords: E-Banking, Core Banking Software (CBS), CBS performance

Abstract
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Innovations in Information Communication Technology (ICT) and globalization are 
steadily driving the changes in the business operations. These changes range from 
simple structural change to a paradigm shift (Laudon & Laudon, 2013). Like all other 
industries, financial and banking sector is also metamorphosing due to the influence of 
competitive, regulatory and technological forces (Jeevan, 2000). This transformation of 
business processes by banks has created a new avenue for banking operation called E-
Banking (Mia, Rahman, & Uddin, 2007). For E-Banking, the technological gene is 
called Core Banking Systems (Rahman & Qi, 2016). Through CBS, banks are not only 
performing its core operations of receiving deposits and distributing credit but also 
providing value adding services such as Automated Teller Machine (ATM), Short 
Messaging System (SMS) banking, internet banking, mobile banking and agent banking.

However, studies show that 75% of the Core Banking Software fails to achieve its 
objectives (Cognizant, 2013). This study attempts to identify the factors that affect CBS 
performance and thus helps to achieve CBS objectives.

1. Introduction

1PhD Scholar, Department of Logistics Management and e-Commerce, Glorious Sun School of Business 
and Management, Donghua University, China and Assistant Professor, Department of Management 
Information Systems, University of Dhaka, e-mail: anisur@du.ac.bd
2MPhil Fellow and Lecturer, Department of Finance and Banking, Faculty of Business Studies, 
Bangladesh University of Professionals (BUP), e-mail: s_rahman25@yahoo.com

Source: Rahman & Qi (2016), authors' own research

Basing on the hypotheses, Figure-1 shows the proposed socio-technical model of CBS 
performance. It is called socio-technical model because it contains all three aspects of 
IS model proposed by Laudon & Laudon (2016). The socio-technical model 
(management, organisation, externalities and information technology) states that

H1: Bank Management related variables influence the CBS performance.
H2: Software related variables influence the CBS performance.
H3: Vendor related variables influence the CBS performance.
H4: Bank-ownership moderates the effect of management-related variables on CBS 
performance.
H5: Bank-ownership moderates the effect of software related variables on CBS 
performance.
H6: Bank-ownership moderates the effect of vendor-related variables on CBS 
performance.
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Hypothesis:
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(Reach_Una) 
Other challenges 
(Other_Chal) Overall other challenges 

Software 

Functionality 
(Func) 

Capability of software to meet requirements and 
expectations 

System Flexibility 
(Sys_Flex) 

Whether the new system can accommodate 
business requirements neeed by the organization?  

User friendliness of 
User Interface (UI) 

What level of satisfaction that end-user feel about 
new systems? 

Vendor 

Cost and Financial 
Terms (Cost) 

The cost of hardware, software, maintenance and 
work space. 

Data migration 
(Migration) 

“Data migration” which aims to transfer data from 
the legacy system to the new system. What level of 
smoothening was the data migration? 

Vendor capabilities 
and credentials 
(Ven_Cap_Cre) 

Whether vendor showed required abilities and 
credentials during implementation. 

CBS 
Performance 

Loading 
How much time does it take to load the software, 
process instruction and update the master file under 
a normal condition? 

Response How much responsive is the system under a normal 
condition? 

Spike How much stable is the system during bursts of the 
concurrent user and /or system activity? 

Constructs Items Explanations Table-2 shows the calculated loadings, CR, Cronbach's Alpha and AVE and Table-3 
shows the heterotrait-monotrait ratio of correlations (HTMT) resulted from this study. 
Cronbach's alpha value of the constructs ranges from 0.712 to 0.830 > 0.70, and 
composite reliability of the construct ranges from 0.839 to 0.90 > 0.70, which indicate 
that the constructs have strong internal consistency and reliability.  For convergent 
validity, Table-2 shows that the item loading ranges from 0.745 to 0.838 and AVE 
ranges from 0.589 to 0.682, which is greater than the acceptable value of 0.50. For 
discriminant validity, Table-3 shows all of the HTMT ratios of correlation of the 
constructs below the acceptable value of 0.90. These results from the data analysis 
indicate that the constructs have both reliability and validity.

Table-2: The Measurement Model

BUP JOURNAL, Volume -5, Issue -1, May 2017 46

Constructs Items Loadings CR 
Cronbach's 

Alpha AVE 

Bank Mgt 

Adapt 0.770 

0.852 0.768 0.589 
Skill_Pers 0.807 
Reach_Una 0.745 
Other_Chal 0.747 

Software 
Func 0.815 

0.865 0.767 0.682 Sys_Flex 0.838 
UI 0.824 

Vendor 
Cost 0.802 

0.839 0.712 0.634 Migration 0.789 
Ven_Cap_Cre 0.798 

CBS Performance 
Loading 0.98 

0.900 0.830 0.753 Response 0.75 
Spike 0.86 

Adapt = Ability of the business to adjust to the new system
Skill_Pers = Availability of skilled personnel
Reach_Una = Reaching unanimity within the organisation on what is needed
Other_Chal = Other challenges
Func = Functionality
Sys_Flex = System Flexibility
UI = User friendliness of User Interface
Cost = The cost of hardware, software, maintenance and workspace
Migration =Data migration 
Ven_Cap_Cre = Vendor capabilities and credentials

The items of Table-2 are listed as follows:
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This study sought to achieve the following research objectives:

i. To determine the CBS performance considering the management, 
organisation, software, and vendor dimensions altogether. 

ii. To identify whether the types of bank ownership (public vs. private) have 
moderating effects on the factors affecting the CBS performance.

Factors Affecting Core Banking Software Performance in E-Banking: 
An Exploratory Study on Bangladeshi Banks

1.1 Objectives of the study

2. Literature Review

Core banking refers to a centralized online real-time exchange banking (Mamo & 
Amare, 2016) that collects deposit and distributes credits. Kreca & Barac (2015) 
defined core banking as 'Centralized Online Real-time Electronic Banking' that allows 
the bank customers to access banking services through networked branches. Mia, 
Rahman, & Debnath (2007) termed it as online banking or any branch banking. 
However, all of these terms can be generalised under E-Banking, and the heart of E-
Banking is CBS.

CBS refers to a back-end software application that processes daily banking transactions, 
and posts updates to accounts and other financial records based on deposits and loans 
(Abbate, 1999; Kreca & Barac, 2015). Although the main functionality remains the 
same, CBS has evolved over time with different value added services to banking 
operations. These services include online banking, Electronic Fund Transfer (ETF),  
Automatic Teller Machines (ATMs), mobile banking, and Electronic Data Interchange 
(EDI) and telecommunication services (Mamo & Amare 2016) and newly added mobile 
payment systems or mobile banking systems.

Zineldin (2009) has recognized four core levels of CBS. Each of these levels of CBS 
has more incremental functionality than its predecessor. In the first level, there are 
customer information files, general ledger system, transaction engine and processing. In 
addition to it, the second level has loan system and deposit system. The third level has 
added report writer and trade finance along with the facilities of level two. Finally, level 
four added service based architecture and level five added customer relationship 
management and internet banking along with the facilities of the predecessor levels.

CBS has added many value-added services to banking value chain. For most of the new 
banks, these values have become a source of competitive advantages over rivals. The 
previous study shows that better-performing banks have more value added services than 
their rivals (Mia et al., 2007). 

However, due to the evolution of technology and to remain competitive, the banks need 
to change their CBS from time to time. Transformation of CBS is driven by both the 
need to respond to internal business necessities such as growth and efficiency and the 
external business imperatives, such as regulations and competition (Capgemini, 2013).
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There is a drought of academic literature on CBS. Because of this limited research on 
CBS as well as its use in Bangladeshi banking sector, an exploratory research approach 
has been undertaken. The sample framework of this study includes seven commercial 
banks of Bangladesh. Among them four are government owned banks and the rest are 
privately owned.

These are Agrani Bank Ltd., Basic Bank Ltd., Janata Bank Ltd., Sonali Bank Ltd., 
BRAC Bank Ltd., EXIM Bank Ltd. and Islami Bank Bangladesh Ltd. The study is 
conducted through convenience sampling method due to its cost effectiveness and wide 
applicability in information systems research (Azam & Quaddus, 2013). The 
respondents of this study were selected from the IT department of the sample banks. 
PLS-SEM (The Partial Least Square Method based on Structural Equation Model) has 
been implemented to test and validate the proposed relations among the hypothesized 
constructs. Smart PLS 3.0 (Ringle et al. 2015) statistical software was used to analyse 
the data. 

According to Marcoulides & Saunders (2006) for PLS-SEM, the sample size is 
calculated basing on the maximum number of arrows headed towards a latent variable. 
In this case, there were four, and thus, minimum 65 samples were required to conduct 
the study. 

For data collection, structured questionnaire survey method and face-to-face interview 
method have been used. The questions were developed with a 5-point Likert scale 
where 1 refers to "strongly disagree, "and 5 refers to "strongly agree." However, for 
performance dimension, the same scale ranging from (1) No problem at all to (5) 
Highly problematic was used.  The detailed questions of each construct are listed in 
Table-1. A pilot study was conducted, and the feedback was used to design and test the 
effectiveness of the final questionnaire. A face-to-face personally administered active 
recruitment strategy was applied to increase the quality of the data gathered. 200 survey 
questionnaires were distributed, but only 160 were filled, resulting in an 80% response 
rate. Seven questionnaires were incomplete and thus excluded from the analysis. As a 
result, the study was conducted by analysing 153 sets of the questionnaire as samples.

Table-1: Summary of Measurement Items

Factors Affecting Core Banking Software Performance in E-Banking: 
An Exploratory Study on Bangladeshi Banks

Constructs Items Explanations 
Ability of the 
business to adjust 
to the new system 
(Adapt) 

To what degree organization business process 
adjusted with the new system. 

Whether the organization has essential technical 
trained staff or expert. 

 

unanimity within 
the organization on 
what is needed

Agreement of functional requirements within the 
implementation team and management.

Management 
(Bank Mgt) 

Availability of 
skilled personnel 
(Skill_Pers) 
Reaching 

optimal organisational performance can be achieved by equally optimizing both the 
social and technical systems used in production and services.

Figure-1: Socio-technical Model of CBS Performance

All respondents in this study were from IT departments of the seven selected banks. 
These middle aged (80% belong to the group of 30 to 40 years) respondents were 
highly educated (84% have master's degree). Most of the respondents (84%) had a job 
experience in the field of IT for about ten years indicating that they have personally 
observed and experienced the automation of Bangladesh banking sector through CBS.

Internal reliability, convergent and discriminant validity are used to assess the 
measurement model (Wong 2013, Hair, Hult et al. 2016). Cronbach's alpha and 
composite reliability (CR) is used to measure the internal reliability, for which the 
preferred value is 0.70 (Hair, Anderson et al. 1995). Convergent validity is measured 
by average variance extracted (AVE), for which the acceptable value is greater than 
0.50. Convergent validity can also be measured by item loading; the acceptable value 
for item loading is higher than 0.50 (Hair, Anderson et al. 1995). Discriminant 
validity is measured by the heterotrait-monotrait ratio of correlations (HTMT) 
criteria, for which the acceptable value is less than 0.90 (Henseler, Ringle et al. 
2015). Table-2 and Table-3 represent the output for the reliability and the validity. 
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4. Findings

4.1 Demography

4.2 Measurement Model

Factors Affecting Core Banking Software Performance in E-Banking: 
An Exploratory Study on Bangladeshi Banks

H1 

H2 

H3 

Moderates 

Mgt. Rel. 

Soft. Rel. 

Bank Ownership 

CBS Performance 

Vendor Rel. 

H4 

H5 

H6 

 



Core Banking Software (CBS) is the soul of E-Banking. It provides the banks with 
enabled services that distinguish e-banking from traditional banking. Choosing the right 
CBS includes different challenges that were discussed in the previous study of Rahman 
& Qi (2016). 

This study tried to identify the influences of management related, software related and 
vendor related factors on the CBS performance through literature review and 
interviewing the IT professionals of the Banks. This study revealed the challenges in 
three groups i.e. Management related, Software related and Vendor related challenges, 
which have significant adverse effects on the CBS performance. 

It is evident from this study that, with the increase in challenges, it becomes tougher to 
choose the right product and the performance becomes staggered by the chosen CBS. In 
determining the performances of CBS, software related challenges seem to have greater 
influence followed by management related challenges and vendor related challenges. 
This outcome is rational in a sense that we first, choose the different aspects of the 
software to match management demand; then we go for price and other services of 
vendors. However, the influence of these challenges on CBS performance is not 
affected by the ownership of the bank. The challenges seem to be the same whether it is 
a private or public owned bank.

E-Banking is deemed as an essential feature provided by the banks in home and abroad.  
In this technology based dynamic world, the traditional way of banking operations has 
become obsolete. Thus, the banks are shifting from traditional manual systems to e-
banking through the CBS. The unique contribution of this paper is three folded. Firstly, 
previous researches were done only considering the generic software and ERP, but this 
study shed light purely on CBS. Secondly, it examined the management, organisation, 
software, and vendor dimensions altogether to identify and reveal their influences on 
the CBS performance. Lastly, it showed that ownership has no moderating effect on the 
factors affecting the CBS performance.

The study indicates that banking means business and irrespective of the ownership the 
challenges remain the same for CBS performance. So the manager should consider all 
the sources of challenges (management related, software related, and vendor related) 
while choosing, implementing, and upgrading CBS. 

This study shows that management related, software related and vendor related 
challenges jointly explain 69.7% of the variation in CBS performance. The future 
researchers can add and remove items under study as the world of information system

5. Discussion

6. Implications of The Study 
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6.1 Managerial Implications

6.2 Theoretical Implications

Globally the financial service oriented companies are attempting to grasp or improve 
their core banking systems to gain competitiveness, operational efficiency, and 
regulatory compliance. However, all banks are not deriving the desired level of CBS 
performance. The sources of challenges include management and organisation, the 
software itself and vendors. Overcoming the three top areas of challenges during 
implementation and production helps to reap the CBS performance smoothly. Further 
research can be done considering the length of implementation of CBS as well as 
considering different software of CBS in other cultures, countries and across the 
industries.

constantly changes. Moreover, the cross-cultural and cross-national study can be 
conducted to see whether there are variations in influences on CBS performance or not.
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4.3 Structural Model

4.4 Moderating Effect

Table-5: The moderating effect of Public-Private ownership

 Construct Bank Mgt Product Performance Software 
Product Performance 0.747   
Software 0.390 0.802  
Vendor 0.477 0.802 0.482 

The structural model helps to assess the relationship among the constructs in the 
model to test the hypothesis using the bootstrapping method. Table-4 shows the 
structural model results. It can be seen that Bank management related challenges (    = 
-0.359, t = 7.917), software related challenges (   = -0.417, t = 6.877) and vendor 
related challenges (   = -0.339, t = 7.385) have significant effects on the Core Banking 
Software (CBS) performance. However, these constructs have negative effects on the 
CBS performance. Thus, these findings support our hypothesis H1, H2, and H3. 
Among the constructs, software related challenges are more important determinants. 
The model explains 69.7% variance in the CBS performance.

PLS-MGA (Sarstedt, Henseler et al. 2011) has been used to find out the moderating 
effect of the public-private ownership on the relationship between dependent and 
independent variables. Table-5 shows the moderating effect of Public-Private 
ownership. Bank management public-private (   = .003, p = 0.527), software public-private 
(   = 0.168, p = 0.074), and vendor public-private (  = 0.106, p = 0.856) have no 
significant effect on CBS performance based on public-private ownership differences. 
Thus, hypotheses H5, H6, and H7 were not supported.

Path Coefficient ( ) T Statistics P Values Comments 
Bank Mgt -> CBS Performance -0.359 7.917 0.000 Supported 
Software -> CBS Performance -0.417 6.877 0.000 Supported 
Vendor -> CBS Performance -0.339 7.385 0.000 Supported 

Paths 
Path 

Coefficients 
(Public) 

Path 
Coefficients 

(Private) 

Path Coefficients-
diff (Private - 

Public) 

p-Value 
(Private vs. 

Public) 
Bank Mgt -> CBS 
Performance -0.362 -0.366 0.003 0.527 

Software -> CBS Performance -0.485 -0.317 0.168 0.074 
Vendor -> CBS Performance -0.296 -0.402 0.106 0.856 
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Table-3: Heterotrait-Monotrait Ratio (HTMT)
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The assessment of resources is dependent on the correct identification of the active 
components of the hydrologic cycle which make significant contribution to water 
balance computations. The concept of GW management (Jones, 1972) advocates three 
aspects for the development and management of GW resources: (a) State of 
Development; (b) State of Resource and (c) Management State.

The State of Development has been categorised as: (I) 1st state (youthful state); (II) 2nd 
State (Maturity State); (III) 3rd State (Old State) and (IV) 4th State (Rejuvenation 
State). The same approach will be used to assess the State of Development of GW in 
Bangladesh and to identify the status of the management practice.

The Bengal Basin is a large uplifted faulted block of Pre-Cambrian basement rocks 
covered in parts by Cretaceous and Tertiary Shelf Sediments. Tectonic elements of 
Bengal Basin (Fig. 1) can broadly be divided into Shelf, Slop or Hinge and Bengal Fore 
deep (Guha, 1978; Mirkhamidov & Mannan, 1981). The present study area occupies the 
north-eastern part of Barisal-Chandpur gravity high, the western part of unfolded flank 
and the northern part of Hatiya trough.

The Bengal Basin, a major geosynclinals feature, began to form in the Late- Cretaceous 
Period approximately 70 million years ago and continued subsiding today. Sediments 
washed away from the surrounding hills have filled this geosynclinals basin to the depth 
that exceeds 18 kilometres (Fig. 1). The surface and sub-surface geology and 
geomorphology consists of these recent geosynclinals deposits. The Lalmai Hills are 
the only outcrop where all the rock types are exposed. It makes up the sub-surface 
geology down to an investigated depth of around 150 meters (Fig. 2).

The existence of several deep seated structures (folds and faults) has been identified 
with the Lamlai Hills as the only exposed structures. All those buried structures which 
have very little or no control on the hydrogeologic condition are discussed below:

The occurrence of six well-defined potential aquifers (Jones, 1985) was identified down 
to a depth of >1800 meters (Fig. 3). All these aquifers are made up of granular materials. 
The present work is entirely devoted to the delineation of the ground water resources of 
main aquifer (aquifer no 1). The natural distribution of the main aquifer in relation with 
the overlying aquiclude and the bottom clay aquitard including the recharge and the 
ground water flow pattern are shown in an idealised sketch (Fig. 4). The main aquifer is 
distributed as a continuous thick layer but it is separated locally which is more 
pronounced in the south-west. It is primarily formed of sandy Dupitila Formation of 
Pliocene age; composed of unconsolidated sands showing a gradation of grain size finer 
sands at the top with the sequence coarsening downwards. The thickness of the aquifer 
ranges from 30m to 120m. The aquifer is almost entirely covered by a clay/silt aquiclude 
of thickness ranging from <3m to >300m (Alam, 1991; Alam, 2011).

Geology

Hydrogeology
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This amount of effective infiltration compares quite well with the amount of drainage 
(1718.05mm/year) obtained by Agnew model (about 6% difference). Therefore, the 
average Ie (1775mm/annum) value has been considered to compute the GW balance.

The part of irrigation loss that returns via the vadose zone to saturated zone is called the 
Irrigation Return Flow. Irrigation is provided to the crops in the study area during the 
dry period (November-April) when the rainfall is insignificant or absent. Most of the 
time final soil moisture (FSM) remains at its wilting point (Agnew Model, Table 1), 
more-over, throughout this period soil moisture deficits (SMD) occur (Grindley Model, 
Table 3). As a result of cumulative effects the actual evapotranspiration rate drops 
considerably and the major part of irrigation water in excess of crop water requirements 
attempt to turn into irrigation return flow to reduce the soil moisture deficit (SMD). 
Any water in excess of field capacity infiltrates down to the saturated zone.

Irrigation is not entirely sustained by the use of GW. A significant amount of irrigation 
(about 25%) is supplied from easily accessible surface water sources. About 80% of the 
ground water withdrawal is used for irrigation purposes and the remaining 20% is used 
for both municipal and industrial purposes. Both surface water and GW irrigations are 
equivalent to total GW Withdrawal (2.13* 109 m3/year). The varieties of rice (Table 3) 
produced during dry period require occasional flooding of the rice paddy lands, 
particularly during the early stage of crop growth. This practice allows significant 
amounts of water to return to the subsurface. It was observed that some 25% of the total 
irrigation i.e. 2* 109 m3/year is transformed into irrigation loss which amounts to 5* 
108 m3/year and 50% of this amount (2.5* 108 m3/year) reaches the saturated zone to 
become a part of effective infiltration (Ie). The remaining half of the irrigation loss is 
treated as true loss in the form of evapotranspiration and subsurface contribution to 
reduce soil moisture deficit.

The upstream discharge measuring point for the Gumti river is at Comilla Town 
(BWDB station 110) and the downstream discharge measuring point is at Jibanpur 
(BWDB station 114). The total amount of flow at these two stations for the year 1979-
80 (Fig. 6) and 1980-81 (Fig. 9) suggests that the amount of influent seepage to ground 
water during those two years was (19612-18328) = 1284 cumec-days/annum and 
(23196-22137) = 1059 cumec-days /annum respectively with an average of 1170 
cumec-days/annum. The total amount of influent seepage is estimated to be about 
707616000 m3/year.

The above estimate excludes the amount of influent seepage that occurs from the 
bounding Meghna and Feni river. The estimate, therefore, will be considerably less than 
the actual amount.

b) Irrigation Return Flow

c) Influent Seepage of Surface Waters:
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The loss of ground water storage during the dry season is restored rapidly and regularly 
by the following monsoon recharge. The estimated total amount of recharge (1982-83) 
is about 1860 mm per annum and more than 90% of which originates from the direct 
infiltration of precipitation through the surficial aquiclude. The complicated flow 
behaviour suggests that all the perennial rivers maintain direct hydraulic continuity with 
the ground water. The regional ground water flow is towards west, south-west and 
south (Fig. 5). The flow-net analysis also reveals uniform distribution of water 
resources potential.

Borehole pumping tests indicate a true confined condition for the smaller eastern part 
while leaky-confined conditions prevail elsewhere. The maximum and minimum 
transmissivity ranges from >1400m2/day to <400m2/day while the storativity ranges 
from 4.1*10-3 to 3.7*10-4 and the maximum leakage (BL=368m) is recorded in the 
east-central part (Alam, 1991; Alam, 2011).

There is no straight-forward direct and accurate method to determine the effective 
infiltration (Ie) component of rainfall for a large catchment. As a result, an indirect 
approach in the form of water balance computation (Grindley 1969, 1970; Agnew, 
1982) model is found suitable in this example to separate the various components for 
the basin rainfall over a known period. The Agnew (1982) model (Table 1) separates 
the Drainage component (1718.05mm) which is in effect equivalent to the amount of 
effective infiltration (Ie). The Grindley (1969, 1970) model (Table 2), on the other 
hand, combines both the surface runoff and the effective infiltration in the form of 
Water Surplus (2178.31mm). The total amount of surface runoff of a large catchment 
has been calculated by analysing and separating the river discharge hydrograph into its 
major components i.e. into direct runoff and base-flow. The different relevant 
components are summarised below and expressed in cumec-days/annum.

Rivers  																	Total Flow  														Base Flow  													Direct runoff
                          ---------------------------Cumec-days/annum------------------------
Total  																			104802  																				63767   																			41034

Total surface (direct) runoff for the entire region is 41034 cumec-days/annum
= 41034 * 60 * 24 = 3545337600m3/annum
= 346.80mm/annum   (area= 10223 sq. km.).
Effective infiltration (Ie) = WS-SR.
= 2178.31 - 346.80 = 1831.51mm/annum.

Resource Assessment.

Ground Water Recharge Components (inputs):

a) Infiltration from Precipitation
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Groundwater Balance of Part of Ganges-Meghna Deltaic Plain and 
Assessment of Development State of the Groundwater Resources

Dr. Sheikh Mahabub Alam1

The south-eastern part of Bangladesh (part of Ganges-Meghna Deltaic Plain) 
characterised by dominant tropical monsoonal climate has an annual rainfall 
(>3200mm) which is one of the highest in the world. Hydraulic characteristics indicate 
true confined conditions for the smaller eastern part while leaky-confined conditions 
prevail in the rest of the investigated area. The main aquifer (aquifer no-1) is made up 
of mostly unconsolidated sandy materials with some finer materials and is gradually 
coarsening downwards with gravel and pebbles at the bottom. More than 90 percent of 
the estimated total annual recharge (about 1860mm) originates from direct infiltration 
of precipitation through the surficial aquiclude. The various quantitative parameters 
required for water balance computation suggest that permanent groundwater (GW) 
storage is not affected by the prevailing GW development programme. Professor Ken 
Rushton radial flow model, Professor Glyn Jones GW resource calculation model and 
UCL owned software packages have been used to analyse various components of GW 
resource calculation parameters. The water balance computation indicates a huge 
annual recharge surplus (about 4.0 *109 m3/year) and it reflects that the aquifer is in a 
youthful state of development. Recharge is found to be the governing factor of perennial 
yield and is estimated to be about 5.7 x 109 m3/year (about 460mm per annum). 
Available GW in storage is estimated to be about 1.6 x 1011 m3/year. The present rate 
of GW withdrawal is about 37 percent of the perennial yield which suggests that a huge 
GW potential is still unexploited.

Keywords: Ganges Delta, GW Resources, Rainfall, Evapotranspiration, Effective 
Infiltration, Adequate Replenishment, Youthful State and Extensive GW Reserve.

Abstract

BUP JOURNAL, Volume -5, Issue -1, May 2017

GW resources have long been neglected in Bangladesh despite their easy 
availability since surface water was considered as the only viable resource which 
was also available in sufficient quantity. But the natural flow of surface water in 
major rivers has seriously been affected primarily due to the construction of 
barrages in the upstream section of several rivers outside the country and partly by 
the global climatic changes caused by green house effects. As a result, the 
importance of GW has been identified and its use has rapidly increased since 1970s. 
Although ground water resource is naturally renewable, it is essentially a finite 
resource; hence it requires proper management practice (Jones, 1972; Pitman, 1986).

1. Introduction

1Adviser and Chairman, Department of Tourism and Hospitality Management (THM), The People's 
University of Bangladesh (PUB), e-mail: mahabub580701@gmail.com.
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Table 1: Sub-surface Inflow and Outflow of Ground Water along various Zones across 
boundary (source: Extract from PhD research Project, Alam, 1990).

Five different inflow zones or sections (Fig. 7) have been recognised from the flow-net 
constructed for the wet period (August, 1985) and six different inflow zones or sections 
have been identified from the flow-net map constructed for the dry period (March 
1985).

Groundwater Balance of Part of Ganges-Meghna Deltaic Plain and 
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Type Period Zones Zone 
Wise 
Flow 

Total 
Inflow 

(Cumec/year)
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a) Evapotranspiration:
Ground Water Discharge Components (Outputs):

Agnew (1982) Water Balance Model:
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The total inflow of the basin is obtained by totalling the amount of inflow estimated for 
all the zones or sections (Table 1). Since the total inflow for the entire basin is obtained 
for the two different periods (wet period and dry period), the average of the two is 
accepted as the ultimate total inflow (2.3 * 107 m3/year).

The present studied area has extensive vegetation cover and the area is under 
active cultivation which is controlled by the monsoonal climatic pattern. Under 
such governing factors the total amount of water loss is significantly influenced by 
the process of transpiration and must be taken into consideration when calculating 
the true amount of water loss. The calculation of actual evapotranspiration (AEt), 
for the present example, based on climatological factors as well as vegetation/crop 
properties was found to be more appropriate using the Agnew (1982) and Grindley 
(1969, 1970) water balance approaches for the year 1985-86 (Table 2 & Table 3).

In this water balance model in addition to rainfall (P) and evaporation (Ecorr), one 
important parameter is the crop co-efficient (Kcrop) of the reference crop which is rice 
in this instance. The average annual precipitation (2870.83 mm) and other important 
parameters are presented in Table 1 for the year 1885-86. The year-round cultivation 
allows the production of three varieties of rice (Table 2). As a result, three different sets 
of crop co-efficient values were obtained, but Kcrop values were used to perform the 
water balance computation average.

Table 2: Separation of various soil moisture components using the Agnew(1982) model 
(Source: Extract from PhD Research Project, Alam, 1990).
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Period 
1985-
86 

PPT 
(mm) 

Ecorr 
(mm) 

Kcrop PEt 
(mm) 

AW 
(mm) 

Drainage 
(mm) 

ISM 
(mm) 

AEt 
(mm) 

FSM 
(mm) 

MD 
(mm) 

Jul 565.97 62.40 1.07 66.77 565.97 125.97 440.0 66.77 373.23 0.0 
Aug 464.29 64.42 1.07 68.93 837.52 397.52 440.0 68.93 371.07 0.0 
Sep 362.30 64.01 1.03 65.93 733.37 293.37 440.0 65.93 374.07 0.0 

Oct 129.98 70.50 1.05 74.03 504.05 64.05 440.0 74.03 365.97 0.0 
Nov 0.0 76.55 1.05 70.93 365.97 0.0 365.9 70.93 294.04 0.0 
Dec 4.89 61.20 1.00 61.20 299.93 0.0 299.9 61.20 238.73 0.0 

Jan 1.29 59.94 1.10 65.93 240.02 0.0 240.0 63.02 177.00 2.91 

Feb 14.95 65.43 1.25 81.79 191.95 0.0 191.9 14.95 177.00 66.84 

Mar 76.97 75.83 1.15 87.20 253.97 0.0 253.9 76.97 177.00 10.23 

Apr 77.80 88.01 1.15 101.2 254.80 0.0 254.8 77.80 177.00 23.41 

May 601.46 68.81 1.05 72.25 778.46 338.46 440.0 72.25 367.75 0.0 

Jun 570.93 68.08 1.05 71.48 938.68 498.68 440.0 71.48 368.52 0.0 

Total 2870.83   887.65  1718.05  784.26  103.39 
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e) Subsurface Inflow across Aquifer Boundaries
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The separation of the main aquifer (aquifer-1) from aquifer-2 in some areas is not well 
defined because of the absence of the clay aquitard. When this is the case, the main 
aquifer maintains hydraulic continuity via those locations so that under favourable 
circumstances, some leakage from below might be expected. This amount is likely to be 
small because of the slight differences in hydraulic gradient, though at the moment 
there is no idea about the quantity.

The analysis of hydraulic characteristics (Alam, 1991) reveals that for almost all the 
leaky confined conditions produce a fairly high to very high leakage factor (the higher 
the leakage factor the lower the amount of leakage). It indicates that the amount of 
leakage is small in comparison with the other components of recharge and has been 
ignored.

Subsurface inflow takes place across the aquifer boundaries of hydrogeological regime 
from the area of higher to the lower potential head. The two parameters obtained from 
flow-net are the hydraulic gradient (i= dh/dl) of the adjacent pair of contours and the 
length of the equipotential line which effectively represent the actual length of the 
inflow and outflow zones (L).

The third parameter is the transmissivity (T) of that area obtained from the analysis of 
the pumping test data. These three parameters are used in the most convenient form of 
Darcy's Law (Q= T * i * L) to make the assessment.

Type Period Zones Zone 
Wise 
Flow 

Total 
Inflow 

(Cumec/year)
 

Type Period Zones Zone 
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6 
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 ” Zone
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d) Subsurface Outflow across Aquifer Boundaries:

c) Leakage into Contiguous Strata:

e) Artificial Withdrawal by Pumping:
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The river discharge measurement was only available for two rivers. The Muhuri river 
discharge measurement was only available for the year 1980-81 & 1982-83 (Fig. 8) 
which was measured at Parshuram station (BWDB station 212). The hydrograph 
analysis shows that maximum base flow occurs for Gumti river (Fig. 6 & 9) about 67% 
(or BFI= 0.6683) which amounts to about 14000 cumec-days/annum. On the other 
hand, minimum base flow was recorded for Muhuri river (Fig. 8) as about 38% (or 
BFI= 0.3756) which was about 2700 cumec-days/annum.

Basing on the similar aquifer characteristics, the estimated base flow for the northern 
rivers (Titas, Buri, Gumti and Dakatia) is about 56000 cumec-days/annum and the 
southern rivers (Noakhali Canal, Little Feni and Muhuri) is about 8100 cumec-
days/annum. The total base-flow of all the rivers in the entire region is about 56000 + 
8100= 64100 cumec-days/annum, which does not take into account the base-flow loss 
caused by the two bounding rivers, the Meghna and the Feni river. The influent 
seepages of these two rivers have not been taken into account; therefore the exclusion 
of the effluent seepages of the two rivers should in fact cancel each other rather than 
upsetting the results.

Applying the same procedure which was adopted to identify the different peripheral 
aquifer boundary zones of subsurface inflow, five different outflow zones or sections 
for the wet period flow-net map and six different outflow zones or sections for the dry 
period flow-net map have been identified (Fig. 7). The total volume of outflow (2.1* 
107) from the entire basin has been determined taking the average of the total outflows 
(Table 1).

As a consequence of the relationship between the aquifers, there could be some 
leakages into the contiguous strata from the main aquifer under favourable 
circumstances. The ground water in the second aquifer remains under greater pressure 
than the upper aquifer. Therefore, there will always be a tendency for the water to move 
upwards. At present, it is not possible to make any comment on which way the flow 
occurs and how much water is flowing from one aquifer to the other.

Until December 1984, there were about 1921 deep tube wells (DTW) and 4589 shallow 
tube wells (STW) on record (Pitman, 1986) of which a significant number of DTW and 
STW were either out of order or permanently abandoned. The wells are in constant use 
for irrigation during the dry period, the late part of the post-monsoon period and the 
early part of the pre-monsoon period (December until May). On average, during this 
period the wells are in operation about eight hours a day, which also automatically 
fulfils the drinking water requirement. During the remainder of the year (June until 
November), ground water irrigation is not required, the wells are only in short time 
use to meet drinking water requirements.

Grindley (1969, 1970) Water Balance Model.
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The various steps of the water balance computation are presented in Table 7. The field 
capacity of 440 mm and the wilting point of 177mm for the present area were obtained 
from the study conducted by Rohman (1986).

Ave.   1.15   1.15   1.05   1.05   1.07   1.07   1.03   1.05   1.05   1.00   1.10   1.25
K crop
B/I      1.25   1.25   1.00   -          -          -           -          -        -        1.10   1.10   1.25
K crop
Aman 1.10   1.10   1.05   1.05    1.05   1.05   1.05   1.05   1.05   0.95   Broadcast
K crop        -           -         -         -        1.10   1.10    1.10  1.05   1.05   0.95   
Transplanted
Aus      1.10   1.10   1.10   1.05   1.05   1.05    0.95    -        -          -         -          -
K crop
85-86   Mar   Apr     May    Jun     Jul      Aug     Sep   Oct    Nov      Dec    Jan    Feb

Table. 3. Estimate Kcrop for various kinds of rice in the study area.

This model allows calculation of the soil moisture budget on a monthly basis for 
various types of vegetation classified according to their root constants (the amount of 
soil moisture that can be extracted from a soil without difficulty by a particular type of 
vegetation). Typical root constants have been experimentally worked out for certain 
vegetation in the U.K. (Shaw, 1983) e.g. permanent grassland 75mm, potato 100mm 
and woodlands 200mm.

The resultant water balance is:
P= D(Ie) + SR + AEt + ds
2870.83= 1718.05 + 0 + 784.26 + ds
ds= 2870.83 - (1718.05 +784.26) = 368.52mm.

Planting        	Aus Rice   																	Harvest
Planting    					              Aman Rice (broadcast)  																Harvest
                                           Planting  Aman Rice   												Harvest
 																				                        	(Transplanted)
Irri Rice     Harvest                                                                  Planting Boro

After having a private discussion (1989) with Dr. Clive Agnew, same root constants 
values have been used for the present exercise as it was agreed that there would not be 
much difference. About 75% of the studied land area is covered by rice paddy/grass 
vegetation; some 10% of the area is covered by woodlands and the remaining 15% can 
be considered as riparian. A minor amount of other vegetables and crops which are also 
cultivated in the area has been ignored because the percentage of land they cover is 
insignificant in comparison with rice.

b) Effluent Flow to Surface Water Bodies
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Table 4: Separation of various soil moisture components using the Grindley (1969) model.

The calculation of various parameters involved with the Grindley model are 
summarised in Table 4. The water balance:

P= AEt + Water Surplus + dS
dS= AEt + Water Surplus - P
dS= 728.43 + 2178.31 - 2870.83
dS= +35.91 mm.

In this example, 35.91mm of water is found as a positive change of storage. Following 
reasons could account for this; firstly, the assumed root constants could have some 
impacts, and secondly, the other minor vegetation types which were ignored during this 
calculation may also have some impacts on the result.

The quantity of surface water flow that is derived from ground water resources is called 
the base flow or effluent flow, which has been quantified by analysing the river 
discharge hydrograph (Figure 6). For the present exercise, the method developed by the 
UK Institute of Hydrogeology (1978) has been adapted to analyse the hydrograph for 
separating base flow.
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Period 
1985 
-86 

P 
 (mm) 

E0 
(mm) 

Kpan 
 

Ec==PEt 
(mm) 

P-PEt 
(mm) 

PSMD 
(mm) 

Cropland 
ASMD 
(mm) 

/Grass 
AEt 
(mm) 

Wood- 
ASMD 
(mm) 

lands 
AEt 
(mm) 

Catch- 
ASMD 
(mm) 

-ment 
AEt 
(mm) 

Water- 
Surplus 
(mm) 

Jul 565.97 78.00 0.80 62.40 503.57 0.0 0.0 62.40 0.0 62.40 0.0 62.40 503.57 

Aug 464.29 80.52 0.80 64.42 399.87 0.0 0.0 64.42 0.0 64.42 0.0 64.42 399.87 

Sep 362.30 80.01 0.80 64.01 298.29 0.0 0.0 64.01 0.0 64.01 0.0 64.01 298.29 

Oct 129.98 94.00 0.75 70.50 59.48 0.0 0.0 70.50 0.0 70.50 0.0 70.50 59.48 
Nov 0.0 96.50 0.70 67.55 -67.55 67.55 67.55 67.55 67.55 67.55 67.55 67.55 0.0 

Dec 4.89 76.50 0.80 61.20 -56.31 123.86 108.33 45.67 123.86 61.20 93.63 49.55 0.0 

Jan 1.29 74.93 0.80 59.94 -58.65 182.51 113.89 6.85 182.51 59.94 103.67 20.12 0.0 

Feb 14.95 81.79 0.80 65.43 -50.48 232.99 119.44 20.50 216.66 49.10 111.22 30.10 0.0 

Mar 76.97 101.10 0.75 75.83 1.14 231.85 118.83 75.83 215.52 75.83 110.67 75.83 0.0 

Apr 77.80 117.35 0.75 88.01 -10.21 242.06 129.04 88.01 216.20 78.48 118.40 87.06 0.0 

May 601.46 98.30 0.70 68.81 532.65 0.0 0.0 68.81 0.0 68.81 0.0 68.81 414.25 

Jun 570.93 85.10 0.80 68.08 502.85 0.0 0.0 68.08 0.0 68.08 0.0 68.08 502.85 

Total 2870.83          605.14 728.43 2178.31 
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Table 7: GW Budget using the (I e) values calculated by the Agnew (1982) and 
Grindley (1969) model.

Basing on the prevailing hydraulic characteristics and water balance calculation Jones 
(1972) has classified the state of development of the GW resources as Youthful State, 
Mature State and Old State. The computation of GW budget (shown in Table 7) 
demonstrates that the natural inflow is found to be much higher than the combined 
natural and artificial outflow. Using Jones (1972) criteria, the state of development of 
GW has been assessed. The water balance result categorises that the resource is at its 
Youthful State of development by virtue of recharge surplus.

Possibly, for the existing GW regime, the factors likely to produce undesirable results are 
not present and these are indicated by the following facts: 1) no long term decline of GW 
level is visible; 2) no significant changes of GW storage have taken place; and 3) the 
Youthful State of development of resources prevails. The quantitative determination

Ground Water Management

Perennial Yield

b) Water Balance
In the absence of any permanent changes of storage, the GW balance takes the 
following form:   I = O. The water balance suggestes an annual recharge surplus of 4.0 
x 109. Cubic meters per annum (Table 7).

Groundwater Balance of Part of Ganges-Meghna Deltaic Plain and 
Assessment of Development State of the Groundwater Resources

Recharge Compoents Quantity (m3/year) Discharge 
Components 

Quantity (m3 /year) 

Effective 

Infiltration (I e) 

1.81 * 10 10 Actual 
Evapotranspiration 
(AE t ) 

7.73 * 10 9 

Recharge Compoents Quantity (m3/year) Discharge 
Components 

Quantity (m3 /year) 

Irrigation Return Flow 2.66 * 10 8 Effluent flow to 
Rivers etc 

5.51 * 10 9 

Influent Seepage from 
Rivers etc 

7.08 * 10 8 Artificial Withdrawal 
by Pumping 

2.13 * 10 9 

Subsurface Inflow 
through Aquifer 
Boundaries  

2.3 * 10 7 Subsurface Outflow 
through Aquifer 
Boundaries 

2.1 * 10 7 

Total Recharge 1.9 * 10 10 Total Discharge 1.5 * 10 10 

Recharge Excess 4.0 * 10 9               -----               ----- 

Ground Water in Storage:

Conclusions:
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The volume of GW storage is determined by using the following mathematical formula:  
GW in storage = (b*A*Sy) where

The south-eastern deltaic plain has an annual average rainfall of >3200 mm (Pitman, 
1986) and Rainfall replenishment is found to be the most important recharge 
mechanism followed by influent seepage, irrigation return flow and subsurface inflow.

The main aquifer (aquifer no-1) is made up of mostly unconsolidated sandy materials 
with some finer materials and is gradually coarsening downwards with gravel and 
pebbles at the bottom. More than 90 percent of the estimated total annual recharge 
(about 1860 mm) originates from direct infiltration of precipitation through the surficial 
aquiclude.

The highest amount of GW is discharged by evapotranspiration, followed by effluent 
flow, artificial withdrawal and subsurface outflow. The GW loss in seasonal dry period 
is restored rapidly and regularly during wet season which is indicative of high effective 
infiltration. Moreover, in some places there is a steady rise of maximum water level 
which suggests an increased availability of temporary storage. The limited amount of 
small scale decline of maximum water level in the east-central (Comilla town) part 
seems to be caused primarily due to the excessive unplanned annual abstraction.

The effective infiltration (Ie) and Soil Moisture Deficit (SMD) are calculated following 
Agnew Model (1982) and Grindley Model (1970). The Ie value (1775mm) obtained by 
the combined Grindley and Agnew model is quite logical for this part of Bengal delta 
under the prevailing climatic conditions. All the perennial rivers maintain direct 
hydraulic continuity with the GW. More than 50 percent of the average annual 
perennial river flow originates from base flow. The subsurface inflow and outflow of 
GW across aquifer boundaries amount to a positive contribution into the basin.

b= the average saturated thickness of the aquifer is about 250ft (about 75m).
A= area of the GW basin (10,223 sp.km.); and
Sy= specific yield (average specific yield is about 20 percent).
Therefore, the volume of GW in storage is:
75m * (10,223 * 1000000m2) x 0.20
= 1.53345 * 1011= 1.5 * 1011 cubic meters of ground water.

of perennial yield therefore has been carried out considering the recharge as the limiting 
factor and is estimated from the water balance computation. The volume of total 
recharge in excess of natural discharge is equivalent to perennial yield in this case. On 
the basis of water balance computation (Table 7) the amount of perennial yield is about 
5.7*109 (= 1.9*1010- 1.33*1010) m3/annum.
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Professor Ken Rushton radial flow model, Professor Glyn Jones GW resource 
calculation model and UCL owned Software packages have been used to analyse 
various components of GW resource calculation parameters. The water balance 
computation using the calculated Ie value suggests a large recharge surplus and 
categorises the resource at its youthful state of development which implies that a 
management practice is desirable in the logn run. The absence of any long term decline 
of GW level and no significant changes on permanent GW storage as well as youthful 
state of resources suggests that the perennial yield is almost entirely governed by 
recharge phenomenon.
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a) Changes in Permanent Storage

Ground Water Budget:
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On average during this time of the year the wells are run for about an hour a day. The 
statistics of the ground water withdrawals are summarised in the following Table 5:

Table 6: Incremental changes between successive years (mm).

The incremental change in GW level during the last five years is added together in 
the above table and is found to be positive which implies that no permanent lowering 
of GW level has taken place. It also suggests that GW withdrawal is less than the 
available recharge and there is no use of permanent GW storage. It also implies that 
no changes in permanent GW storage have taken place during the last five years.

An examination of the incremental changes in GW level record in three representative 
wells (Fig. 7) is presented in the following Table 6. Well 4 is located in the extreme 
northern part (Sarail Thana), Well 58 is located in Comilla town (Kotwali Thana) i.e. 
the east-central area and Well 142 is in Noakhali Town (Sudharam Thana) which is 
located in the extreme southern part of study area.

Location 1980-81 & 
81-82 

1981-82 & 
82-83 

1982-83 & 
83-84 

1983-84 & 
84-85 

1984-85 
& 85-86 

Overall  
changes(mm) 

W 4 +138.68 -213.36 +640.08 +096.01 -640.08 +021.33 
W 58 +154.69 -106.68 +512.06 -181.36 -245.36 +133.35 
W 142 +064.01 +032.01 +053.34 +096.01 -042.67 +202.69 

Table 5: Annual artificial withdrawal of ground water.

A DTW has a capacity of 58 l/s (5000m3/day) and a STW, on the other hand, has a 
capacity of 15 l/s (1300m3/day). Therefore, the total annual withdrawal from both the 
DTW and STW is about 2 * 109m3/day.

A GW budget is the quantitative assessment of the total incoming water, total outgoing 
water and the changes of the GW storage of a GW basin over a specified period of time. 
When expressed in mathematical terms it takes the following form:

I= O + dS where

I= Inputs     O= outputs   and   dS= Changes in storage.

Duration  
Total 

Well 
Type  

Irrigation 
period (hrs) 

Other 
periods (hrs) 

Gross Total 
(Hours)(days) 

Annual 
withdrawal 
(m3/day) 

Hour (DTW) 1456 183 Hrs- 3278 1.31 x 109 
Run (STW) 1456 183 Days- 136.58 0.81 x 109 
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Fig. 4. Idealized W-E cross-section of the main aquifer showing recharge pattern.

Fig. 5. Major flow direction based on maximum elevation contour map.

Flg. 6. Hydrograph Showing the beseflow and surface run-off component.
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Fig. 7. Map showing the subsurface peripheral inflow and outflow zones.

Fig. 8. Hydrograph Showing the baseflow and surface run-off component.

Fig. 9. Hydrograph Showing the baseflow and surface run-off component.
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In ''Chinua Achebe and the Invention of African Literature'' Simon Gikandi (1996) 
acclaims Chinua Achebe as the writer who ''invented African literature'' (p. ix). Chinua 
Achebe (1930-2013) was born in Eastern Nigeria as Albert Chinualumogu. Achebe's 
childhood is notable because his father was a converted Christian but his other family 
members used to follow traditional African Igbo religion. He reveals that the cross 
cultures of his childhood gave him advantages as a writer as he was moved by the

Chinua Achebe

1Lecturer, Department of English, Uttara University, Dhaka. e-mail - shamamahbuba166@gmail.com

NgugI and Achebe's Debate over Language of African Literature: An 
Analysis of Chinua Achebe's Linguistic Achievements in Things Fall Apart

1. Introduction

Abstract

Chinua Achebe's 'Things Fall Apart' explores the encounter between the British 
colonizer and the African colonized in the 1850s. This paper examines Achebe's novel 
and highlights that Achebe has celebrated African Literature through his use of English 
as opposed to NgugI wa Thiong'o who expresses in 'Decolonizing the Mind: The 
Politics of Language in African Literature' that African writers must write their novels 
only in African language as English, the language of the colonizers, is not an African 
language to suitably express African expressions. Achebe uses English to carry out the 
African expressions unlike the thoughts of Thiong'o and thus, the Africanization of the 
novel exhibits that English can be a tool to express African lifestyle. A great attention 
will be given to the language debate of Achebe and Thiong'o regarding the use of 
English in African Literature on the belief that through English Achebe is showing the 
rich language of the Africans. Thus, this paper will contribute to and enrich the existing 
African, Caribbean and postcolonial literatures and come up with a new approach - the 
postcolonial critical analysis of Achebe's African novel 'Things Fall Apart' in the light 
of Thiong'o's ideas.

The main contentions of NgugI wa Thiong'o in Decolonizing the Mind: The Politics of 
Language in African Literature (1986) are that writing in African language is part and 
parcel of the anti-imperialistic struggles of Kenyan and African peoples (p. 28), and 
enrichment of African literature will never take place if African writers write in 
English. Contrarily, Chinua Achebe advises that the African writers should use ''New 
English, still in communion with its ancestral home but altered to suit its new African 
surroundings'' (cited in Thiong'o, p. 8). In this research paper, the focus will remain on 
this language debate and Achebe's usage of English in Things Fall Apart (1958) which  
will be delved in details.

72

''their roots, the language of Kenyan masses to recreate the epic grandeur of their 
history'' (p. 73).

For Thiong'o, the central difficulty is, therefore, how to write in the language of 

the oppressor. Being a Marxist, Thiong'o thinks that writing in African language is 
part and parcel of the anti-imperialistic struggles of Kenyan and African people (p. 
28). He denies the occident gaze where Negroes are considered naturally inferior 
by Hume. He negates Thomas Jefferson who believes that ''the black are inferior to 
the whites on the endowments of both body and mind'' followed by Hegel who 
compares Africa to a land of childhood still enveloped in the dark mantle of the 
night as far as the development of self-conscious history was concerned (cited in 
Thiong'o, p. 18). 

As far as colonialism is concerned, Thiong'o contends that the real aim of it was to 
control the people's wealth through military conquest and subsequent political 
dictatorship. Nevertheless, this colonialism cannot be completed until the mental 
universe of the colonized is controlled through culture (p. 16). As a consequence 
of the colonial rule, imperialism introduced literacy, but often confined it to clerks, 
soldiers, policeman, and the petty civil servants (p. 67). The central difficulty for 
Thiong'o is how to write in the language of the oppressor. Thiong'o explains that 
every culture should borrow whatever is best and progressive in other cultures, 
including European ones. Progress comes through contact. Increased study of 
African languages will inspire more Africans to write in their mother languages (p. 
73) and the pan-African literature should develop self-consciousness of the 
colonized people so that they do not suffer from identity crisis anymore.

In addition, Thiong'o intends to enrich African literature and thus he states ''Why 
not have Balzac, Tolstoy, Sholokov, Brecht, Lu Hsun, Pablo Neruda, H. C. 
Anderson, Kim Chi Ha, Marx, Lenin, Albert Einstein, Galileo, Aeschylus, 
Aristotle and Plato in African languages?''(p. 8). According to Thiong'o, language 
is the carrier of culture and African words which connote culture cannot be 
translated into English as English is not an African language. To Thiong'o, a writer 
needs to define and uphold African culture through African language so that the 
non-Africans do not steal the treasures of their mind. He refutes Gabriel Okara 
who wants to establish Nigerian or West African English (p. 9), Leopold Senghor 
who gets award for writing virtues of French and Chinua Achebe who seeks to 
write in ''New English'' (p. 103) as these approaches will only enrich foreign 
tongues. The hybrid tradition of Afro-European Literature by Wole Soyinka, 
Chinua Achebe and Kofi Awoonor (p. 70) and Afro-English Literature is not going 
to prosper African Literature as majority of Africans do not know English but 
peasants as well as workers can read his African writings (p. 157). In sum, he 
admires Obi Wali who also thinks that true African literature cannot be written in 
European languages (p. 24).
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poetry of Christianity as well as the thing that Christianity was attempting to suppress 
the traditional religion (Rowell, 1990, p. 101). During his childhood, he used to side 
with the ''smart and courageous'' (Garner, 2015, p. 1) white explorers of his English 
books. Ibadan University was ''the watershed, a turning point'' (Rowell, 1990, p. 101) 
where he found that he is one of those savages jumping up and down on the beach 
(cited in Gikandi, 1996, p.  xvii) in texts like Joseph Conrad's Heart of Darkness (1902). 
That is why he believes his role as a writer is to help his society regain belief in itself 
and put away the complexes of the years of denigration and self-abasement (cited in 
Gikandi, 1996, p. xi). His intention is to indicate to his readers that Africans did not 
hear of culture for the first time from Europeans (cited in Gikandi, 1996, p. xvii).

Achebe criticizes Joseph Conrad in ''An Image of Africa: Racism in Conrad's Heart of 
Darkness'' (1978) for his prejudiced representation of Africans in Heart of Darkness 
(1902). The projection of Africa as the ''other world'', the antithesis of Europe and 
therefore of civilization (p. 3) and the depiction of the bad Congo river with good 
Thames river (p. 3) is disapproved by Achebe. Africans are misrepresented in Heart of 
Darkness as they make ''violent babble of uncouth sounds among themselves'' (p. 6) in 
place of speech. On the grounds of such partial African image, Conrad is a "thorough 
going racist" (p. 9) to Achebe. 

Decolonizing the Mind: The Politics of Language in African Literature 

Baptized as James NgugI Thiong'o, Kenyan Marxist, playwright, essayist, short story 
writer, and critique of colonialism, NgugI wa Thiong'o (1938- ) later gave up English as 
well as Christianity. In the book Decolonizing the Mind: The Politics of Language in 
African Literature (1986), Thiong'o protests against the usage of English to express 
African Literature.

To begin with, he sheds light on the Eurocentric experience of Kenyan children. Before 
colonialism, Kenyan children were connected to the "nature and orature where the 
small, witty, innovative animal hare was their hero and cooperation was their theme" (p. 
10). The mental treasure of the colonized was stolen when works of literature like Alan 
Paton's 'Cry the Beloved Country', Joyce Cary's 'Mister Johnson' and Karen Blixen's 
'Out of Africa' (cited in Thiong'o, p. 91-92) depicting non-resistant, idiotic and childish 
Africans who accept the colonizers, were taught to school children. Speaking English in 
schools was rewarded but talking in Gîkûyû, their mother tongue, led to punishment. 
This means that the language of the colonizers is associated with power, status and 
prestige but the colonized linguistic art is related to inferiority, stupidity, humiliation 
and low status. Thiong'o is a product of this colonial alienation where as a child he was 
disassociated from his natural and social environment (p. 17) and bourgeois Europe 
became the centre of his universe. So, he seeks to transcend ''cultural bomb'', the effect 
of which is ''to annihilate people's beliefs in their names, in their languages, in their 
environment, in their heritage of struggle, in their unity, in their capacities and 
ultimately in themselves'' (p. 3). By employing African expressions like orature, mime, 
songs and dance of the peasantry in African literature, Kenyan writers must return to
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Things Fall Apart

Known as the Magnum Opus of African Literature, Things Fall Apart (1958) 
revolves around the life of a brave and courageous Igbo soldier called Okonkwo in 
pre-colonial Nigeria of 1850s. Because of his lazy father Unoka, he has not 
inherited any wealth and it is through sheer hard work that he has gained status in 
Umuofia. He acts extra brave as deep in his heart resides the fear that he will 
resemble his lazy father. To prove his manliness, he kills Ikemefuna, the boy given 
to him as a peace settlement of war. This causes his rift with his son, Nwoye, who 
later converts to Christianity. Crisis in Okonkwo's life occurs as British 
administration and missionaries begin to tear apart the Igbo customs. To diminish 
the foothold of the proselytizing Christians, who support the killing of the sacred 
python, Okonkwo and five leaders of Umuofia burn a church. As a result, they are 
whipped, starved and arrested by the British force craftily. At the denouement, 
Okonkwo kills one of the messengers of the whites and when no Igbo members 
support his decision, he takes his own life. Although Igbo religion looks down upon 
suicide, which contaminates the earth, Okonkwo prefers to die rather than being 
hanged by the trials of the colonizers. The downfall of the protagonist Okonkwo at 
the end of the novel symbolizes the downfall of the whole Igbo society as he is the 
only one who challenges the atrocity of the Europeans and after his death there is 
no one to oppose the colonizers. 

An Analysis of Chinua Achebe's Linguistic Achievements in Things Fall Apart

One of the greatest achievements of Achebe is his ability to portray the Igbo culture 
through English. Achebe is deconstructing the negative presentation of the westerners 
about the Africans by writing in English. Achebe uses the flavour of African culture not 
only to answer Conrad but also to deconstruct the false western discourse in front of the 
occidental forces. We can detect evil, starving Africans in Heart of Darkness (1902) 
where they are making strange sounds only. In order to counter this falsehood, the 
novelist uses orature devices, African fables, myths, folk narrative, local words, 
proverbs, riddles, songs and other devices to prove to the whites that Africans have 
language. To deconstruct the Western false stereotype that Africans have no language, 
Achebe has associated Igbo word with English to examine the Igbo culture from an 
African perspective and thus the other, marginalised, subaltern African people of Heart 
of Darkness (1902) have obtained voice in this novel. This means that Things Fall 
Apart (1958) is portraying African experience through English and this makes it a 
celebration of African Literature. The Igbo society practices orature. According to 
Anthonia C. Kalu (2008):

The oral tradition is the backbone of African arts and letters. It is a living tradition that 
spans ancient and contemporary periods and all aspects of African life. It contains 
verbal and nonverbal forms such as poetry, oral narratives, riddles, proverbs, songs, 
festival drama, music and dance, sculpture, and different kinds of artwork made from 
various materials. (p. 2)
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In Achebe's opinion, proverbs express the life of the people (Ogbaa, 1981, p. 5). He 
mentions in Things Fall Apart (1958) that ''among the Ibo the art of conversation is 
regarded very highly, and proverbs are the palm-wine with which words are eaten'' (p. 5). 
Proverbs are frequently used to describe Okonkwo. Okonkwo is described as ''a bushfire 
in the harmattan'' (p.1) because of his tall, huge bushy eyebrows, wide nose and his 
commanding personality. ''If a child washed his hands he could eat with kings'' (p. 6) 
renders Okonkwo's achievements. By the same token, ''looking at a king's mouth one 
would think he never sucked at his mother's breast'' (p. 19) is about his courage and 
diligence. Igbo words like ''gome, gome, gome, gome'' (p. 7) create the African 
environment and Achebe writes ''ten and one'' (p. 37) to display their counting method. 
Through language we know about their superstitions like Ekwefi says ''Is it me?''(p. 29) to 
answer calls from outside as it might be an evil spirit calling. Igbo words like agbala (p. 
10), chi (p. 13), ozo (p. 48), ogbanje (p. 54), iba (p. 60), efulefu (p. 110), osu (p. 111) and 
many others depict the Igbo culture. These Igbo words are used along with English in such 
a way that the readers have no problem in understanding the meaning. The marriage, the 
wrestling and funeral songs are tools by which the writer unearths the poetic creative 
potentiality of the Igbo race. Women dance, plait hair and paint themselves with cam 
wood and paint huts with red earth. Through English, therefore, Achebe captures their 
sense of aesthetic art and beauty.

Orature is the key cornerstones of this Igbo culture. Kalu (2008) writes ''For children, 
cultural education begins with learning core local narratives with simple plots'' (p. 5) and 
these oral narratives entertain, inform and explore the universe, life, death, the value of 
kindness, courage, love, honesty, justice (p. 4) and so on of the Africans. Here, the story of 
the repentant snake-lizard killing his mother in Chapter Nine and the cunning Tortoise 
who is punished for his harmful actions in Chapter Eleven gives the message that they like 
peace and honesty. From one generation to another, these folk tales are passed which itself 
is the evidence that it has inherited rich linguistic art and passes it on to their children. 

Kalu (2008) informs that Epics are descriptive narratives of long journeys, conflict and 
reconciliation and the brave and honest hero has difficult beginnings which he overcomes 
by valor, friends or combination of all these (p. 7). Okonkwo's tale is written like an epic 
as he succeeds by hard work alongside the help of his clan members and his poverty-
stricken family. He is also the sole voice of protest against the colonizers. In a nutshell, 
Okonkwo is an epic hero. 

Achebe has reconstructed the Igbo society prior to the colonial era of the twentieth 
century. We can find that it is a democratic society though no written form of government 
is present. For example, all Umuofians are asked to gather during the village meeting over 
the killing of one woman of their clan. Due respect is given to age and experience and thus 
the eldest among them speaks first. Along with this, the Igbo society fights for the honour 
of their clanswoman who has been killed by another clan. In fact, the Igbo people are 
modern as they pay tribute to achievement and hardwork more than lineage and thus 
Okonkwo rises up by hard work.

NgugI and Achebe's Debate over Language of African Literature: An 
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Coupled with this, Achebe highlights the community feeling prevalent within that 
society as the whole village participated in the marriage or New Yam Festival. Even 
Ikemefuna is treated at Okonkwo's house as a son with love as well as affection. 
Okonkwo treats all his wives equally. To add, Okonkwo is helped by Nwakibie with 
eight hundred yams when he needed to build his farm. They see his potential and merit 
to rise up. His mother's family supports him during exile as well. Modern novels deal 
with the alienation and the loss of the spontaneous side of life to suggest human beings 
to develop the instinctual side of life which is portrayed in this society.

Furthermore, in the words of Aimé Césaire in Discourse on Colonialism (1950), the 
non- European civilizations were courteous, communal, anti-capitalistic, cooperative as 
well as democratic societies (p. 7). Achebe shows that the system of justice listens 
equally to judiciary disputes. When the cow gets lost, everybody searches for it. They 
have deeper connection with nature as it was a society before the advent of technology. 
In this nationalistic society, the clan comes first and nothing against the interest of the 
clan is accepted. Hence, Okonkwo is criticized for beating his wife who has gone to 
plait her hair during the sacred week. Okonkwo accepts the code of justice behaviour. 
This exhibits that they are disciplined people.

Moreover, Achebe is pointing out the dark sides of the Igbo culture where twin babies 
and human beings with swelling of the body are thrown in the Evil forest. Suicide is 
considered an abomination to the earth goddess and they get no proper burial. Even, 
duality exists within them regarding women whom they obey as priestesses but beat in 
ordinary lives. Although Okonkwo is afraid of the priestess, he goes to his mother's 
village in his times of distress and beats his wives badly. Notably, Achebe is providing 
a guideline to the Africans about their strengths as well as weaknesses so that they can 
develop their society rightly.

Another success of Achebe is his creation of the legend and tragedy of Okonkwo and 
the connection of his personal fate with the Igbo anthropology, society and culture. 
Both the great wrestler Okonkwo and his clan are at the peak of their success at the 
beginning of the novel. Like Okonkwo, who is haunted by his lazy father, the 
Umuofians are haunted by superstitions and later by the colonizers. His resistance is the 
symbol of many Africans who cried out against the non-Easterners. The fall of 
Okonkwo is also the downfall of the whole Igbo society under the oppressive colonial 
regime. Ironically, the community which has held Igbo beliefs for so long succumbs to 
the westerners, but Okonkwo is challenging the Europeans though he has subverted the 
codes of his clan before by beating his wife during the sacred week. Through Okonkwo, 
Achebe is countering the west.

In the process of reconstructing, Achebe is also deconstructing the negative 
presentation of the Africans by the westerners. In part two of Things Fall Apart (1958), 
Achebe uses English to display the corruption of the British. We can find no orature 
devices as the African traditional culture has been fallen apart by the colonizers. Achebe 
is manifesting that the white people have created clerks to run their administration through
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English education. Ironically, the priest, Mr. Kiaga, is elated when Nwoye has left his 
parents for the sake of Christianity, though no religion tells us this. The Africans are the 
others and not humans according to the colonial gaze. The Christian missionaries are 
converting Africans by materialistic gifts like towels and singlets. The inhuman 
colonizers imprison the six leaders of Umuofia craftily. The insensitive District 
Commissioner considers African language as superfluous and decides to write only a 
paragraph on Okonkwo in his book titled The Pacification of the Primitive Tribes of the 
Lower Niger (p. 148). Achebe challenges these distorted African images by allotting 
eighty-eight pages of the first part of his novel on the Igbo culture.

All in all, the research foregrounds on the language debate between Thiong'o and 
Achebe, and here the researcher sides with Achebe because of many reasons. Achebe is 
using English in Things Fall Apart to reconstruct the positive and negative traits of the 
Igbo inhabitants so that the African society can move forward by avoiding certain 
negative traits. On the whole, Achebe uses English to highlight that Africans tried to 
borrow from seemingly superior culture, but it is possible to find democracy, discipline, 
community feeling and other positive traits in their own culture. He has deconstructed 
the western discourse by placing Igbo words, orature, songs, art, marriage, funeral and 
wrestling rituals in his work.
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The study attempts to explore the relationship between capital structure and 
profitability of core business operation in the Banking Sector of Bangladesh. To achieve 
the intended objectives, the study utilizes panel data analysis. This study takes some 
proxy variables to imitate leverage ratios and other control variables to understand the 
impact on profitability. Multiple regressions models were conducted. The study finds 
that Total Debt to Asset Ratio and Deposit to Asset Ratio have an insignificant negative 
relationship with profitability. Liquidity as proxied by Loan to Deposit ratio is found to 
have significant and positive relationship with profitability. In the same way, spread has 
positive and statistically significant relationship with profitability. Growth of assets, 
another control variable, is found to have negative relationship with the net interest 
margin of banks in Bangladesh. As a part of recommendation, the study has suggested 
that bank management should pay due attention to manage their debts in a way that 
reduces its negative impact on profitability of core business operations and increases 
loan advances keeping the profitability of their loan portfolio in line with prescribed 
objectives and hence generates more interest income from loan advances. 

Business firms seek funds for investment in making money for shareholders. However, 
the sources of financing have been a critical aspect in financing decision, which is again 
an important decision among three major decisions of a financial manager. This is more 
mingled with capital structure of the firm. Modigliani and Miller (1958) argued that 
Capital Structure and its impact on firms have been with much debate since its formal 
inception. To explore more, the following sections will cover with detailed Capital 
Structure and Its Impact on Profitability. 
The main goal of today's business firms is the wealth maximization of the shareholders. 
Wealth is reflected by the current stock price of the business firms. Profit maximization 
is another critical and short term goal of the business firms that they want to achieve to 
maximize the wealth of the shareholders. To this end, the business firms have to take

Keywords: : Capital Structure, Core Business Operation, Banking System etc.
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1.1 Statement of the Problem
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rational financing decisions where cost of capital will be lower so that it can 
enhance the business performance and also maximize the wealth for the 
shareholders. Capital structure is the alternative that a business firm can apply 
to collect the required financing for the investments. This alternative is picked 
by the firm to match with its priorities. Optimal capital structure is the 
outcome of such meticulous choice of alternatives-debt or equity or both. This 
will lead to lower cost of capital and thus offers wealth maximization for the 
shareholders of the firm. Therefore, capital structure is a very critical input for 
the value creation in the form of increasing the performance of the firm.

One of the important and critical strategic financial decisions is the choice of Capital 
Structure. However, there have been numerous debates on it and its impact on the 
performance of the bank i.e. profitability. Seminal work of Modigliani and Miller on 
capital structure was the fundamental basis. Since then there prevailed dominant 
theories of capital structure and firm value/firm performance. On that note, static trade 
off theory, pecking order theory and agency cost theory and many more emerged to 
examine the role of capital structure. It has been discovered that, size, tangibility, 
growth, risk, liquidity, age, and dividend payout etc. have critical role on capital 
structure and profitability in the business firm. Empirical evidences on the relationship 
between capital structure and profitability have been multi-directional. To this, static 
trade off-theory states that debt portion in the total capital of the firm will depend on 
the tradeoff. Firms issue debt only when internal financing is impossible. Debt 
financing gives the benefits from tax advantage thus it becomes the least costly source 
of financing. This theory exerts the positive relationship between leverage and 
profitability meaning that higher profit will lower the expected cost of financial 
distress. 

In contrast, Static Theory of Myers & Majluf (1984) came up with Pecking Order 
theory. Profitable firms have more internal financing and thus they do not go for 
issuing debt which further implies a negative relationship between profitability and 
leverage. The researches on Capital Structure and its Impact on the Value and 
Performance of the firm have been constrained to only rich economies and non-bank 
firms. Developing nations, like Bangladesh, have not received the grave attention of 
this very critical issue in the banking sector of Bangladesh. Knowledge of capital 
structure and its impact on profitability will induce the bank managers to address the 
challenges regarding financing options in Bangladesh. They will be prompt and more 
intelligent in terms of using the best suited financing option to lead to wealth 
maximization. Hence, the aim of this study is to examine the impact of leverage/capital 
structure on profitability of banks in Bangladesh with an emphasis on banks' core business operations.

A Study on the Capital Structure on Profitability of Core
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Chowdhury and Suman (2010) put efforts to figure out the value of the firm in 
relation to the capital structure and they commented that a desired combination of 
the debt and equity would raise the value of the firm. However, cost of debt being 
more would diminish the value of the firm.  

Bokhtiar and Mainul (2014) worked on 'Influence of Capital Structure on Firm 
Performance: Evidence from Bangladesh' and found that the inclusion of debt in 
the firm would lower the performance of the firm. It attracts the Static Trade-Off 
Theory and gets supported by the Pecking Order Theory. 

Alrafa and Afroza (2014) examined the capital structure of bank and non-banks in 
Bangladesh. They argued that the leverage was not same in both sectors. Debt to 
asset ratio was much higher in the banks than non-banks. 

Salim & Yadav (2012) examined the effect of capital structure on firm 
performance in the context of Malaysia using panel data of 1995-2011 on the 
Malaysian listed companies. They found that capital structure represented by total 
debt and short term debt was inversely related with the performance represented 
by the return on equity of the companies. However, the same relationship was true 
when long-term debt was taken care to examine the impact of return on assets.

Abor (2005) investigated the relationship between capital structure and 
profitability of listed firms on the Ghana Stock Exchange (GSE) during a five-
year period (1998-2002). The findings revealed a significantly positive relation 
between the ratio of short-term debt to total assets and return on equity (ROE). 
However, a negative relationship between the ratio of long-term debt to total 
assets and ROE was found.

In Iran, Farhad & Aliasghar (2013) tested the impact of capital structure on 
profitability of 252 firms in the period from 1999 to 2008 and presented that 
short-term debt was positively related with the ROE i.e. the performance. 
However, a negative relationship was found between long term debt and return on 
equity. 

In the context of Ghana, Opoku, Adu, & Anarfi (2014) debunked the states of the 
relationship between capital structure and profitability. They presented the 
findings that nine banks which were the samples of the study, were found to have 
a significant negative relationship between the ROE and total leverage ratio. 
However, in these nine banks, debt equity ratio had positively significant 
relationship with ROE during the period 2005-2012. The research incorporated 
the dependent variables -Return on Asset (ROA), ROE, Tobin's Q ratio, 
Economic Value Added (EVA) and the independent variables-Total Leverage, 
Debt to Equity ratio, Total Liability of the banks, Size and the Age of the banks. 

From the public sector bank perspective, Goyal (2013) investigated the impact of 
capital structure on profitability on the banks which got listed in national stock

3.2 Modigliani and Miller (MM) theory

3.3   Static Trade-off Theory 

3.4 Pecking Order Theory 

3.5 Agency Cost Theory 

4. Literature Review
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Modigliani and Miller came up with the idea of capital structure where they stated that 
capital structure was irrelevant as dividing the pie (total capital) into equity and debt did 
not increase the size of the pie. However, the assumptions were very compressed. 
Assuming no tax, no transaction cost, uniform expectations of the stakeholders and 
finally a perfect capital market led to the conclusion of the theory. The reality does not 
match to this. There are tax and other costs. Therefore, the capital structure is expected to 
have impacts on the profitability and firm value at the end. 

Leverage and profitability are the major focus in the contemporary world. To that end, 
static trade off theory says that there will be a trade-off between the benefits of debt (tax 
shield due to the interest deductibility while treating income tax) and the disadvantage of 
the debts (from expected bankruptcy cost). However, to lead to the optimal size of capital	 
structure, there will be a balance between the benefits and disadvantages of debt used in 
the firm. However, firms will intend to use more debt to experience the benefits of tax 
shield in general.

The pecking order theory of Myers & Majluf (1984) argues that firms, which are 
profitable, have their enough internal financing for funding the capital expansion. This 
internal source is sufficient for them to finance the funds needed and they do not need to 
go for issuing any debt. Therefore, the capital structure is more of equity than of debt, 
which means lower leverage. This theory reconfirms the less usage of the debt with the 
profitability of the firm.

Jensen and Meckling (1976) gave a convincing concept of theory called 'Agency Theory', 
which exposed the state of conflicts between the managers and owners of the firms. The 
managers want more profit for themselves and work less for the interest of the owners. 
The owners intend to pursue their own goals by keeping less incentive for the managers. 
This gives rise to the poor performance of the firm in the long run. Harris & Raviv (1991) 
worked on the concept of agency cost and capitals structure further. They brought the 
Asset Substitution effect, under investment problem, and Free Cash Flow aspect in 
consideration and found that agency cost and capitals structure were related. For 
example, while the firms have enough free cash flow they will build empire buildings and 
will not benefit the interest of the shareholders. Thus, debt then is channeled in the firm 
to reduce and avoid the empire building attitude of the managers.

With the emergence of more corporate activities worldwide than before, capital structure 
has received special attention in the recent times. However, the empirical evidences are 
not unidirectional rather mixed. The evidences relevant to this research are stated below:
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exchanges during 2008 to 2012. He explored the findings from the panel data and 
multiple regressions that all short term debt to capital had a strong connection with 
higher profitability represented by ROA, ROE and Earning Per Share (EPS). 
However, the same was not true for long term debt to capital. The size of the firm 
was positively correlated with ROA and EPS and negatively correlated with ROE. 

For a period of 2004 to 2012 in the Kenyan financial market, Yegon, Cheruiyot, & 
Sang (2014) studied the relationship between capital structure and the firm's 
profitability of banking industry. Panel data were used for the purpose and multiple 
regressions for the study. It revealed that short term debt had significant positive 
relationship and long term debt had the negative relationship with profitability of 
the firms. Due to the less expensive exposure of interest expense, short term debt 
led to more profitable business which was refuted for long term debt case.

Basing on the evidences stated in the review on capital structure and its impact on 
profitability and firm value, it was found that the relationships were mixed. Thus, 
this study was designed to investigate the relationship between capital structure and 
profitability from the bank sectors of Bangladesh. Net Interest Margin, the 
dependent variable, was used as the measure of Profitability which in general was 
the profitability of the core activities of the banks. On the other hand, the 
independent variables were 1) Capital Structure Variables, 2) Total Debt to Asset 
and Deposit to Asset and Liquidity and 3) Loan to Deposit. For improved and 
better results, two control variables-Growth and Interest Rate Spread- were taken 
care of. 

Basing on the theoretical concepts and empirical studies stated above, this paper 
has taken care of the dominant variables and their categories. This has led to the 
basis for the study of:

Dependent Variables: Profitability measured as ROE, ROA, Tobin's Q ratio, 
EVA, EPS, Return on Capital Employed, and Net Interest Margin (NIM). 

Independent Variables: Capital structure related variables such as Total Debt to 
Asset (TDA), Total Debt to Total Fund (TDTF), Total Debt to Equity (TDEQ), 
capital adequacy (equity to asset), total liability of banks, short-term debt, log-term 
debt, deposit to total asset as a measure of bank leverage, total bank loan, other 
investment, liquidity risk, asset quality, loan to asset, bank efficiency ratio, loan to 
deposit etc. 

Control Variables: The control variables used in the above literatures are asset 
size, asset growth, sales growth, GDP growth, inflation, operational efficiency, 
spread etc.

BUP JOURNAL, Volume -5, Issue -1, May 2017

2.  Overview of Banking System of Bangladesh

3.1 Theory of Capital Structure and Profitability/ Value of a Firm 

3. Relevant Theoretical Discussion 

95

Bangladesh Bank (BB), the Central Bank of Bangladesh, was established in December, 
1971. It oversees the monetary and financial systems of the country by the Bangladesh 
Bank Order, 1972 (Bangladesh Bank, 2016). BB mainly formulates monetary and credit 
policy, regulates banking and non-banking financial institutions, manages international 
reserves, issues currency, acts as banker to the government, supervises the payment 
system of the country etc. However, in the banking sector, the historic reflection is that 
until 1982, BB used to monitor the government banks only. Later on, privatization was in 
place and thus monitoring and regulating got expedited for the privatized and scheduled 
banks in the country. At present, there are 56 scheduled banks which are under the full 
control and regulation of Bangladesh Bank. The distribution of the banks is classified in 
the following manner by the Central Bank of Bangladesh.

Table 1.  Scheduled Banks in Bangladesh Source: Bangladesh Bank (2016)

In this section, theoretical review will be introduced regarding the capital structure 
and profitability of firms and their values. The theories will guide the researchers to 
re-examine the impact of capital structure on profitability highlighting the banking 
sector of bangladesh.

Ross (2003) stated the idea of financing from two sources. One of them is Debt and the 
other is Equity. Issuing debt or borrowing comes with paying a fixed amount of claim at 
a specified time irrespective of the profit or loss the firm makes. However, if firms issue 
equity in the market, equity holders cannot claim any fixed return but they have claim 
on the profit and assets of the firm. These two options of financing introduce the concept 
called Capital Structure which is supposed to have connection with profitability and firm 
value in the long run. To clarify the concept further, the following theories will shed 
light on the relationship between capital structure and profitability /value of firms:

A Study on the Capital Structure on Profitability of Core
Business Operation in the Banking Sectors of Bangladesh

Types of Banks Number of Banks  
State Owned Commercial Banks 6 
Specialized Banks  2 
Private Commercial Banks 
(PCBs) 

39 

Conventional PCBs  31 
Islami Shariah based PCBs 8 
Foreign Commercial Banks  9 

1.2 Objective of the Study
The specific objectives of this study are: 

To investigate the relationship between capital structure variables and profitability 
of core business operation of the banking sector in Bangladesh. 
To examine the impact of financing decision or capital structure on profitability of 
core business operation of banks in Bangladesh.

The impact of capital structure on profitability of core business operation of banks was 
evaluated using the model outlined below:

Hypotheses
To achieve this objective, the following null hypotheses concerning the impact of 
capital structure on profitability of core business operations of banks were tested: 

H1: There is no significant relationship between capital structure proxied by TDA and 
profitability of core business operations of banks in Bangladesh.

H2: There is no significant relationship between LD and profitability of core business 
operations of banks in Bangladesh.

H3: There is no significant relationship between Spread and profitability of core 
business operations of banks in Bangladesh.

H4: There is no significant relationship between Growth and profitability of core 
business operations of banks in Bangladesh.

The audited financial statements, particularly Balance Sheet and Income Statements, 
were collected directly from the respective banks and Dhaka stock exchange (DSE). In 
this study, a profitability measure of the core business operation of banks, 'Net Interest 
Margin (NIM)' was taken as a dependent variable whereas, the TDA, DPA, LD, Spread 
and Growth were used as independent variables. They are given in the table below:

7. Finding and Discussion 

Table 2. Variables used in regression model
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Model Specification 

Variables Definition  
Dependent  Net interest margin (NIM) (Net Interest Income/Interest Earning  Assets) 
Independent   Total Debt to Asset (TDA) (Total Debt)/(Total Asset) 

Deposit to asset (DPA) (Total Deposit)/(Total Asset) 
Loan to Deposit (LD) (Total loan)/(Total Deposit) 

Control  Spread (SPR) (Interest Income)/(Loan &Advance )- (Interest 
paid)/Deposit 

Growth (AGR) (Assets of current year – Assets of previous 
year)/(Assets of current year) 

NIM it =    0 it +   1TDA it +   2 DPA it +   3 LD it+   4 Log (SPR) it +   5 AGR it +   it 
Where, 
NIM it = Net Interest Margin for bank i in year it 
TDA it = Total Debt to Asset ratio for bank i in year it
DPA it = Total Deposit to Asset ratio for bank i in year it 
LD it = Loan to Deposit ratio for bank i in year it 
Log (SPR) it = Log of Spread for bank i in year it 
AGR it = Asset Growth for bank i in year it

6. Research Methodology
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Figure 1 Conceptual Framework (Own Design)

The conceptual framework, portrayed above, reflects the relationship between the 
capitals structure and profitability of the firm. Debt to Asset and Deposit to Asset are 
expected to influence the NIM whereas another independent variable, Loan to Deposit 
is taken to measure impact of liquidity on NIM of the banks. The control variables are 
Growth and Spread which in general have positive relationship with profitability of the 
firm. 

Due to the investigative nature of the study, explanatory design was chosen which 
explored the relationship between capital structure and performance of the banking 
sectors of Bangladesh. This study was found to be very relevant to belong to the 
quantitative research design from the perspective of the philosophy of the research-
the problem statement, quantitative nature of data etc. Panel data of fifteen banks for 
ten years (2006 to 2015) were used. Given the research design and research 
approach, secondary data were used to meet the objectives of the study. All 
information used to prepare this paper was collected from secondary sources- Annual 
Reports of these banks, newspaper, journals, and Dhaka and Chittagong Stock 
Exchanges etc. The data were collected from Dhaka Stock Exchange (DSE) and 
respective banks. In order to avoid the risk of distortion in the quality of data, the 
audited financial statements particularly balance sheet and income statement were 
taken as source. With the inclusion of fifteen banks, this study used their panel data 
for ten years (2006 to 2015) resulted in 150 observations of each variable. The 
population of the study was all banks listed by Dhaka Stock Exchange (DSE). All 56 
banks were targeted but due to unavailability of data, the sample size came down to 
15 banks namely- One Bank, United Commercial Bank Limited (UCBL), Bank Asia, 
Dutch Bangla Bank, Eastern Bank Limited (EBL), IFIC Bank, Mercantile Bank, 
Prime Bank, Southeast Bank, Uttara Bank, Trust Bank, NCC Bank, Arab Bangladesh 
Bank, Dhaka Bank and Pubali Bank Limited for the period of 2006 to 2015. Using 
statistical Software, SPSS version 21, the collected panel data were analysed through 
descriptive statistics and multiple regressions. Furthermore, diagnostic tests were 
managed in order to check the validity of the model based on the assumption of the 
Classical Linear Regression Model.

Conceptual Framework: The conceptual framework of this study is given below:

 Capital 
Structure: 

Debt to Asset 

Deposit to Asset 

Liquidity: 

Loan to Deposit 

Control 

Variables: 

Growth 

Spread 

Table 3. Descriptive Statistics of the Variables

A Study on the Capital Structure on Profitability of Core
Business Operation in the Banking Sectors of Bangladesh

   NIM      TDA     DPA       LD     Spread    Growth  
Mean       0.0305       0.8900       0.8082       0.8284       0.0506       0.1694  
Maximum       0.3680       0.9662       0.9256       1.0826       0.0968       0.9226  

Minimum       0.0038       0.0702       0.0841       0.5825       0.0248      (0.0625) 

Standard Dev.        0.0296       0.1492       0.0785       0.0886       0.0132       0.0940  

Count            150            150            150            150            150            150  
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The mean of NIM was 3.05 % and standard deviation was 2.96 %. This means banks 
in Bangladesh, under the period of study, earned on average 3.05% NIM from their 
investment in interest earning assets. The mean of debt ratio of the sampled banks in 
the study period was 88.99%. It reveals that debt represents nearly 88.99% of the 
capital of banks in Bangladesh. Similarly, the mean of DPA ratio of the sample banks 
in the study period was 80.82%. The mean of LD ratio of the sample banks in the 
study period was 82.84%. It reveals that loan represents on average nearly 82.84% of 
deposit of banks in Bangladesh. Moreover, the descriptive statistics show that the 
average value of the Growth variable, which represented by percentage change in 
asset, was 16.94%.

Besides, summary of test statistic shows that the mean of Spread was 5.06 % with the 
standard deviation of 1.32%.

NIM TDA DPA LD Spread Growth

NIM

Pearson Correlation 1

Sig. (2-tailed)

N 149

TDA
Pearson Correlation -.038 1

Sig. (2-tailed) .643
N 149 149

DPA
Pearson Correlation -.127 .310** 1

Sig. (2-tailed) .122 .000
N 149 149 149

LD
Pearson Correlation .171* .085 -.315** 1

Sig. (2-tailed) .037 .300 .000
N 149 149 149 149
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Table 4. Correlation Matrix of Dependent and the Independent Variables
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed)

Table 5. Model Summary and Parameter Estimates

This table shows the relationship amongst different independent variables including 
TDA, DPA, LD, Spread and Growth with dependent variable NIM. The results indicate 
that DPA was strongly significant (p=.000)) at 1% level and had positive (.310) relation 
with TDA. Similarly, liquidity measured by LD was statistically significant (p-value = 
0.037) at 5% level and had positive (.171) relation with NIM. LD was  statistically 
significant and strong (p-value = 0.000) at 1% level and had negative relation with 
DPA. Likewise Spread was strongly and statistically significant (p-value = 0.000) at 1% 
level and had positive (522) relation with NIM. Similarly, Spread was strongly and 
statistically significant (p-value = 0.000) at 1% level and had negative (-.552) relation 
with LD.

Relationship among Growth, Spread, DPA, TDA, LD and Performance:

As we want to carry out the regression model and also the dependent variable, NIM was 
not normally distributed. We transformed the dependent variable to its natural Log and 
made the variable distribution normal. Since we calculated data through regression 
method, we had chosen the Logarithmic model.
Dependent Variable: NIM
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Equation Model Summary Parameter Estimates 
R 
Square 

V df1 df2 Sig. Constant b1 b2 

Linear 
Logarithmic 
Inverse 
Quadratic 
Power 
Exponential 

.010 

.025 

.006 

.177 

.034 

.014 

1.415 
3.798 
.848 
15.750 
5.145 
2.082 

1 
1 
1 
2 
1 
1 

147 
147 
147 
146 
147 
147 

.236 

.053 

.359 

.000 

.025 

.151 

.030 

.035 

.028 

.039 

.036 

.029 

-2.315E- 
005 
-.002 
.008 
.000 
-.080 
-.001 

2.503E-
006 

NIM TDA DPA LD Spread Growth

 
Spread

Pearson Correlation .522** -.118 .018 -.552** 1

Sig. (2-tailed) .000 .152 .827 .000
N 149 149 149 149 149

Growth
Pearson Correlation -.028 -.100 -.140 .054 -.027 1

Sig. (2-tailed) .746 .251 .108 .533 .754
N 134 134 134 134 134 134

8.1 Total Debt to Asset Ratio (TDA):
The result indicated that capital structure as measured by TDA had negative 
relationship with profitability, and statistically insignificant (p- value = 0.759) at 5% 
level, and the result was in accordance with the expected sign. As a result, the null 
hypothesis H1: (which states) "there is no significant relationship between capital 
structure proxied by TDA and profitability of core business operations of banks in 
Bangladesh" and the null hypothesis was accepted. This result showed that debt 
financing had a negative impact on profitability of Bangladesh banking industry.
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Table 8 revealed that DPA had negative relationship with profitability with statistically 
insignificant (p-value = 0.179) at 5% level and it was not in accordance with the 
expected sign. As a result, the null hypothesis H2 was accepted.

Again the result of table 8 indicate that liquidity as measured by LD had positive 
relationship with NIM and the relationship is significant (p-value = .000) at 5% level. 
As a result, the null hypothesis H3 was rejected. This result showed that an increase in 
amount of loan advances to customers from deposit financing had a positive impact on 
profitability of Bangladesh banking industry.

The result of table 8 also revealed that spread had positive relationship with profitability 
and statistically significant (p-value = 0.000) at 1% level, and it was in accordance with 
the expected sign. As a result, the null hypothesis H4 was rejected. This result showed 
that an increase in the Spread had a positive impact on profitability of Bangladesh 
banking industry.

The result of table 8 revealed that Growth of banks had negative relationship with 
profitability which was statistically insignificant (p- value = 0.587) at 5% level. It was 
not in accordance with the expected sign. As a result, the null hypothesis H5 was 
accepted. 

Capital structure as measured by debt to asset ratio had statistically insignificant 
negative relationship with profitability, which was not in line with prior expectation. 
This result also supported the Pecking Order Theory and preferred using internal 
finance before raising debt or equity. On the other hand, DPA had statistically 
insignificant negative relationship with profitability, which was not also in line with 
prior expectation. Similarly, liquidity (LD). had a positive and statistically significant 
relationship with profitability, which was also in line the expected sign. Furthermore, 
in the effect of control variables on profitability of banks in this study, the result

8.2 Deposits to Asset Ratio (DPA):

8.3 Loan to Deposit Ratio (LD): 

8.4 Spread:

8.5 Growth: 

9. Conclusion 
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8. Summary of Findings

Table 9. Model Summary for R2

Table 10. Model Summary for Coefficient

LD coefficient 3.306 implie that every 1 unit change (increased or decreased) in bank's 
LD keeping the other things as constant had a resultant change of 330.6 % (coeff= 
3.306) on the profitability in the same direction. On the otherhand coefficient for 
Spread 25.062 implie that every 1 unit change (increased or decreased) in bank's Spread 
keeping the other things as constant had a resultant change of 2506.2% (coeff= 25.062) 
on the profitability in the same direction. Other variables were not found to be 
statistically significant.

The following findings present the relationship and impact of explanatory variables on 
profitability:

From the Model Summary of R2, it was found that, the R squared of the model was 
established to be 0.489 implying that 48.9% of the variances in the performance (NIM) 
were explained by the variations in levels of TDA, DPA, LD, Spread and Growth. 

The regression model indicated that TDA was negatively (   = -.235) and insignificantly 
(p-value = 0.362) related to performance ( log NIM), DPA was positively (   = .573) 
and insignificantly (p-value = 0.168) related to performance ( log NIM), LD was 
positively (   = 3.306) and significantly (p-value = 0.00) related to performance ( log 
NIM), spread was positively (   = 25.062) and significantly (p-value = 0.00) related to 
performance ( log NIM) and growth was negatively (   = -.026) and insignificantly (p-
value = 0.587) related to performance ( log NIM).
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Variables  R2 
TDA .489 
DPA .489 
LD .489 
Spread .489 
Growth .489 

Variables Coefficients  

TDA -.235 

DPA .573 

LD 3.306*** 

Spread 25.062*** 

Growth -.026 
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showed that there were positive and statistically significant relationships between 
spread and profitability, which were in line with prior expectation.

In addition, the results of the study indicated that Growth had statistically insignificant 
negative relationship with profitability, which was not consistent with prior empirical 
evidences and the expected sign. In conclusion, the finding of the study suggested that 
capital structure had significant effect on profitability of core business operations of 
banks in Bangladesh.
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Basing on the findings obtained from the results, the following recommendations are 
made:

The managements of banks should  place greater emphasis on rising equity 
capital through retain earnings and /or issuing shares of stocks in order to obtain 
sufficient capital in financing their core business operations and to expand their 
branch network which in turn creates greater market share and profitability. 
Moreover, the management of banks should pay due attention on deposit 
mobilization strategies with a view to mobilizing more funds in financing its 
core business operations and assets. 
Furthermore, bank management should pay due attention to manage their debts 
in a way that reduces its negative impact on profitability of core business 
operations, and increase loan advances keeping the profitability of their loan 
portfolio in line with prescribed objectives and hence generate more interest 
income from loan advances. 
Finally, this study examined the impact of capital structure on profitability of 
core business operations of banks in Bangladesh using NIM as dependent 
variable and some of the measures of capital structure as independent variables. 
Thus, future researcher may address limitations by including internal variables 
such as equity to asset ratio and debt to equity ratio as well as external variable 
like inflation and GDP as control variables to demonstrate the impact of other 
measure of capital structure and capital adequacy as well as external variables 
on the profitability of banks.
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The independent variable has folloiwing observations:

a. Predictors: (Constant), Growth, Spread, DPA, TDA, LD
Table 6. Model Summary for Effect of Growth, Spread, DPA, TDA and LD on 

Performance.

Table 6 presents the summary results for the regression model where the R square was 
established to be 0.489 implying that 48.9% of the variances in the performance (NIM) 
were explained by the variations in levels of TDA, DPA, LD, Spread and Growth.

ANOVA (The dependent variable: log NIM)

Coefficientsa

b. Predictors: (Constant), Growth, Spread, DPA, TDA, LD

Table 7. Effect of Growth, Spread, DPA, TDA and LD on Performance ANOVA
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Model R R Square Adjusted R Square Std. Error of the 
Estimate 

2 .699a

 
.489

 
.469

 
.30819

 

 Sum of Squares df Mean Square F Sig. 

Regression 
Residual 
Total 

11.622 
12.157 
23.780 

5 
128 
133 

2.324 
.095 

24.474 .000b 

Table 7 shows that the estimated model was also found to be significant since the 
reported F statistic of 24.474 was found to be significant as this was supported by a 
probability value of 0.00 which was less than the conventional threshold probability of 
p < 0. 05.

a. Dependent Variable: log NIM
Table 8. Regression Model on Effect of Growth, Spread, DPA, TDA and LD on 

Performance

Model Unstandardized Coefficients Standardized 
Coefficients

t Sig.

B Std. Error Beta
(Constant)

-7.902 .568 -13.923 .000
TDA -.235 .257 -.068 -.915 .362
DPA -.576 .413 .108 1.386 .168

LD 3.306 .386 .693 8.568 .000

Spread 25.062 2.450 .792 10.228 .000
Growth -.026 .049 -.035 -.544 .587
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Enhancement of Wood Quality through Chemical Modification 
with Montmorillonite Nanoclay
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Chemical modification with suitable chemicals and innovative technology provides a 
noble and facile route for the development of wood of intrinsic negative properties 
Nano-technological approach into wood has proven the successful development of 
wood quality. Thus the aim of this study is to chemically modify the low quality 
Sesendok (Endospermum diadenum) wood into high quality for practical utilizations. In 
order to have chemical modification, Sesendok wood was converted into wood polymer 
nanocomposites (WPNC) by means of Styrene (ST), Ethyldimethylamine (EDA) and 
Montmorillonite (MMT) nanoclay through impregnation method. The vacuum-pressure 
method was employed to impregnate the wood samples with prepolymer mixture using 
in situ polymerization. The structural properties of wood samples were investigated 
with Fourier Transform Infrared (FTIR) and Scanning Electron Microscopy (SEM) and 
were found to change upon ST-co-EDA/MMT impregnation. The mechanical properties 
of WPNC samples were significantly increased by ST-co-EDA/MMT treatment. The 
modulus of elasticity (MOE) of the WPNC samples exhibited significant improvements, 
while the compressive modulus of woods seemed to be higher in relation to their 
corresponding raw wood. WPNC has shown excellent resistance against weathering 
effect when exposed to the surroundings.

Keywords: Wood polymer nanocomposites; Nanoclay; Copolymer; FTIR; SEM

Malaysia's tropical rainforests are unique in their complex forest ecosystems and the 
biodiversity arises from the abundance of different types of vegetation and existence of 
wealth of species. However, there are problems in the utilization of such diverse 
mixture of wood species. Malaysian wood species can be divided into two main usable 
groups:  high density wood and low density wood. Nonetheless, the list of usable low 
density wood species has lengthened to some extent because of advances in technology 
and promotion together with the growing scarcity of the more desired species. 
However, only a small number of low density wood species are generally utilized with

Abstract

1. Introduction
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Preparation of Prepolymer Solution
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Wo = [ Wi / ( 1 + MC / 100)]

MC (%) = 100 [(Wi - Wo)/Wo], where, Wo= oven-dry weight (gm), Wi = initial weight (gm), 

MC = moisture content (%).

Initial weight, oven dry weight, dimension and Moisture Content (MC) of each strip 
were determined and recorded. Initial moisture content and weight of the wood were 
used to estimate the oven dry weight of each strip. The MC of the strips, before 
treatment, was approximately 15% and it was calculated using the following equation:

A total of 36 wood samples were prepared and designed by dividing them into two 
conditions namely; (i) outdoor exposed and (i) indoor exposed.  All woods as 
conditioned were treated with styrene, ST-co-EDA, and ST-co-EDA/MMT through 
impregnation method and a max vacuum (10 kPa) was drawn on the wood for 30 
minutes. The respective prepolymer mixture at full loading was introduced into the 
chamber until the samples were entirely covered. After the impregnation process 
was completed, the treated samples were placed in an oven at 105oC for 18 hours 
for polymerization. This product is known as wood polymer nanocomposites 
(WPNC). After all treatments were completed, the specimens were then 
conditioned in a conditioning room at 65±2% of relative humidity and temperature 
25±2oC.

ST-co-EDA and ST-co-EDA/MMT, 1:1 (ST:EDA) and 2%(wt/wt) MMT nanoclay 
and 2% benzyl peroxide catalyst were added at a mixing speed of 3050 rpm for 20 
minutes in a disintegrator to form suspensions of prepolymer. These specimens were 
subsequently used to impregnate the wood samples under specific conditions.

The infrared spectra of the wood grounded powder samples were recorded on a 
Shimadzu Fourier Transform Infrared Spectroscopy (FTIR) 81001 Spectrophotometer. 
The transmittance range of the scan was 400-4000 cm-1.

All specimens were kept in an oven at 105oC for 20 hours before density determination. 
The oven-dry density of each sample was then determined by using the water 
immersion method. The calculation is as follows:

Density (kg/m³) = Mass of wood/Volume of wood.

Preparation of Wood Polymer Nanocomposites

Determination of Density

Fourier Transform Infrared Spectroscopy (FTIR)
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2. Experimental

Materials
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high commercial values compared to the mere 8000 wood species that can be 
found in tropical forest (Nordahlia et al. 2013). Chemical modification of wood 
is an often-followed route to enhance the quality of low density wood. Wood 
has been treated with a variety of chemicals; however, most of them are 
useless in improving the properties of wood (Yalinkilic et al., 1991; Islam et 
al., 2012). Nowadays, proof has been already obtained on the ability of 
nanotechnological modifications in enhancing important properties from wood 
(Baishya, P., Maji T.K. 2016). Wood polymer nanocomposites (WPNCs) have 
been showing great dimensional stability, greater resistance to chemical and 
biological degradation, and low moisture absorption from non-impregnated 
wood (Hazarika, et al T.K. 2015; Hazarika, A., Maji T.K. 2014). It has been 
observed that the physical properties of sesendok wood significantly improved 
while impregnated with natural resin (Hamdan et al 2010).

Silicate nanoclay such as hectorite, montmorillonite, and saponite has a layered 
structure, which upon peeling leads to composites with higher strength and 
stiffness. Organophilic layered silicate nanoclay modified with 
nanocomposites in situ nanoreinforcement gives new possibilities for improved 
wood properties. Because of the good characteristics such as mechanical and 
physical resistance, barrier and thermal properties etc. are potentially 
enhancing the properties of solid wood. Preparation from nanocomposite 
polymer nanotechnological wood (WPNCs) may seem promising to get a good 
product (Alexandre M, Dubois P. 2000). High quality hard woods are 
decreasing day by day; therefore, suitable techniques are essential to improve 
the low quality wood. By nature, light density hardwoods have poor properties. 
They need further treatment before they can be utilized into high value-added 
products. Several chemical treatments were introduced to improve the 
properties of wood (Zaidon et al. 2003). Most of the treatment went through 
the process of impregnation. The principle behind impregnation modification 
is to impregnate the cell wall of wood with a chemical, or a combination of 
chemicals, that then reacts so as to form materials that are 'locked' into the cell 
wall (Hill 2006).

The materials used in this study were wood strips of sesendok (Endospermum 
diadenum) with nominal dimension of 150 mm x 50 mm x 10 mm. A total of 20 
strips were produced of which there were 16 small strips with dimension of 10 mm 
x 10 mm x 10 mm for SEM test. Sesendok was obtained from the laboratory of the 
Faculty of Forestry, University Putra Malaysia, Selangor.

Enhancement of Wood Quality through Chemical Modification
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The interfacial bonding between the cell wall polymer and monomer mix was examined 
with the help of a Scanning Electron Microscope (JSM-6701F, JEOL). The specimens 
were first fixed with Karnovsky's fixative and then taken through a graded alcohol 
dehydration series. Once dehydrated, the specimens were coated with a thin layer of gold 
before viewing under the SEM. The micrographs were taken at a magnification of 1000x.

Static bending, compress and hardness were performed according to the procedure 
specified in British Standard BS 373:1957 (BSI 1957). For bending, the specimen size 
was of 60 mm x 20mm x 10 mm thickness. The specimens were tested on 50kN Inston 
universal testing machine. Mechanical properties were calculated from the load 
deflection curves including Modulus of Rupture (MOR) and Modulus of Elasticity 
(MOE).

The relationship for MOR after 1 yr. of outdoor time did not have a Spearman's rank 
correlation of 0.99 (River, 1994). The following two equations were used to calculate 
MOR and MOE in static bending respectively:

MOR, N/mm² = 3PL/2bd², where, P = Maximum force (N), b = Width of the specimens 
(mm), d = Thickness of specimens (mm), L = Span length (mm).

MOE, N/mm² = P1L3/4bd3Y1, where, P1 = Load at proportional limit (N), Y1 = 
Centre deflection at proportional limit load (mm), L = Length of span (mm), B = Width 
of the specimens (mm), D = Thickness of specimens (mm).

For hardness, three points were tested for each sample and at least five samples were 
tested for each combination. The MOE and MOR for wood samples were measured 
according to ASTM D143 using a three-point bending test. All tests were performed in 
the radial direction.

Figure 1 shows the significant results of treated and untreated wood samples which 
are indoor and outdoor exposed. The density of indoor exposed samples treated 
with styrene/EDA/MMT shows the highest value as 786 kg/m3. This reflects that 
the incorporation of styrene, EDA and MMT has increased the weight of the wood 
samples. It can also be observed that the addition of nanoclay (MMT) reflects a 
significant effect on the density of specimens. Each sample density decreases 
when it is exposed to the surroundings.

Scanning Electron Microscopy (SEM)

Mechanical Properties

3. Results and Discussion

Density
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Figure 1: Density of treated and untreated wood samples (indoor and outdoor exposed).

After impregnation with styrene, ST-co-EDA and ST-co-EDA/MMT, the weight 
percentages gain for sesendok were 39.55%, 46.11% and 62.33 % respectively. This 
result revealed that styrene, ST-co-EDA and ST-co-EDA/MMT were fruitfully 
incorporated into the wood species in order to form Wood Polymer Composites 
(WPC). However, the weight percentage gains of wood composite samples showed a 
significant difference between styrene, ST-co-EDA and ST-co-EDA/MMT treatment 
for wood species. This investigation also indicated that the nanoclay, MMT mixed 
with ST-co-EDA had an effect on incorporation of polymer as well as on the formation 
of wood polymer nanocomposites (WPNC).

The formation of wood composites with styrene, ST-co-EDA and ST-co-
EDA/MMT were confirmed by FTIR spectroscopy as shown in Figure 2. The 
absorption bands of untreated wood (indoor) were obtained at 3340.44cm-1 for 'O-
H' stretching, 2898.33 cm-1 for 'C-H' stretching, 1731.04 cm-1 for 'C=O' stretching 
and 1025.03 cm-1 for '-CO' stretching of acetyl groups respectively. These 
absorption bands are due to the 'O-H' group in cellulose, carbonyl group of acetyl 
ester in hemicellulose and carbonyl aldehyde in lignin (Maji, 2012). The 'O-H' 
group has shifted towards lower wave numbers at 3333.59 cm-1, 3337.29 cm-1 and 
3334.12 cm-1 upon being impregnated with styrene, ST-co-EDA and ST-co-
EDA/MMT indicating the formation of wood composite. These changes are due to 
the fact that with styrene, EDA and nanoclay (MMT) virtually replace all 'O-H' 
groups from the composites.

Weight Percentage Gain

Fourier Transform Infrared (FTIR) Analysis
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Figure 2: FTIR spectrum of raw wood, WPC and WPNC in outdoor and indoor 
exposed.

Absorption band of 'C-H' shifted towards higher wave numbers with narrow band 
intensity gave further evidence of interaction and crosslink between wood, styrene, 
ST-co-EDA and ST-co-EDA/MMT. This result is similar to that of other 
researchers (Elesini et al. 2002). When exposed to the surroundings, chemicals did 
not react with 'O-H' in cellulose, 'C=O' of acetyl ester in hemicellulose and 
carbonyl aldehyde in lignin. However, the absorption bands of 'C-H' stretching for 
outdoor exposed samples were slightly shifted towards higher wave numbers from 
indoor for the impregnation with styrene, ST-co-EDA and ST-co-EDA/MMT. 
Thus, it gave evidence of the strong interaction and bond formation between 
styrene, ST-co-EDA, ST-co-EDA/MMT and wood that were good for weather 
resistances.

Scanning Electron Microscopy (SEM)
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a b
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Figure 3: Typical SEM of (a) raw wood, (b, c) WPC, (d) WPNC for indoor and (e) raw
wood, (f,g) WPC, (h) WPNC for outdoor.

SEM images of fractured surface of the composites were presented in Figure 3. From 
figure 3(a), the empty cell wall, pit, and parenchyma can be observed in untreated wood 
(Islam et al. 2011). In treated wood, these empty spaces were occupied by the styrene, 
ST-co-EDA and ST-co-EDA/MMT materials. The SEM images of the treated styrene 
shown in Figure 3(b) are clean polymer strands throughout the wood fibres with 
remarkable gaps between the polymer and the cell walls. Figure 3(c) shows images of 
ST-co-EDA treated samples that have a number of pull out traces of fibre with smooth 
surfaces and micro- voids as well as agglomeration of the fibre. On the other hand, 
chemically treated ST-co-EDA/MMT composites show better dispersion of the filler 
into the matrix, which results in better interfacial adhesion between the filler and the 
matrix. As clearly seen in the micrograph (Figure d), both fibre pull-out traces and the 
agglomeration of ST-co-EDA in the matrix have substantially reduced in the treated 
ST-co-EDA/MMT composite, suggesting that interfacial bonding between the treated 
filler and the matrix is much more favourable compared to that of the untreated one.

c d

e f

g h
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Mechanical Properties

Modulus of Rupture (MOR)

The mechanical properties evaluated in this study were Modulus of Rupture (MOR), 
Modulus of Elasticity (MOE), surface hardness and compression test. The results are 
discussed below:

The result of Figure 4 showed that the MOR in static bending did not differ 
significantly between outdoor and indoor treated sample. Among the untreated woods, 
wood impregnated with styrene, ST-co-EDA, and ST-co-EDA/MMT, the highest 
values were formed for indoor, which were 50.65N/mm-2, 57.39N/mm-2, 64.90N/mm-
2 and 75.02N/mm-2 respectively. The lowest values showed by outdoor exposed were 
46.68N/mm-2, 52.32N/mm-2, 60.92N/mm-2 and 68.23N/mm-2 respectively.  On the 
other hand, it was seen that samples impregnated with nanoclay showed highest result 
for MOR. As a result, the chemically treated ST-co-EDA/MMT are capable of 
absorbing higher amount of energy to stop crack propagation compared to the 
untreated, styrene and ST-co-EDA and ST (Rowell and Konkol 2005).
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Figure 4: MOR results of untreated and treated sesendok.

When exposed to the surroundings, in case of untreated wood (Figure 3e), there is 
fungus in the hole of the wood. But while treated with styrene, ST-co-EDA and ST-co-
EDA/MMT, no fungus was observed in the treated wood as shown in Figure 3 (f, g and 
h). The effect of weather on the nanoclay sample is lower than other treated sample. It 
can also be seen that the incorporation of ST-co-EDA/MMT formed an interaction with 
the outside surface of the cell lumens as well, because its mixture is polymerized 
homogeneously. This is expected because nanoclay increases the adhesion and 
compatibility of polymer to the cell wall and vessels of the wood (Deka & Maji 2011).



Surface Hardness Test Analysis
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Figure 5: MOE results of untreated and treated Sesendok wood.

Hardness of a composite depends on the distribution of the filler into the matrix. It can 
be seen from Figure 6 that the untreated wood and the samples impregnated with 
styrene, ST-co-EDA and ST-co-EDA/MMT increased their hardness by 1.12kN, 
1.94kN, 2.85kN and 3.54kN respectively. The presence of a more flexible matrix caused 
the resultant composites to exhibit lower hardness (Jamil et al. 2007). This indicates a 
decrease in flexibility and an increase in stiffness of the composites with ST-co-
EDA/MMT. There were no significant differences between outdoor and indoor exposed samples.

The MOE of treated and untreated sesendok are presented in Figure 5. From the static 
bending test results, it was found that the treatment produced substantial improvements 
in MOE of treated and untreated wood. It should be noted that the MOE were also 
significantly affected by ST-co-EDA/MMT treatment. In general, WPNC samples of 
sesendok showed higher MOE compared to WPC samples (Islam et al. 2012). The 
increment of MOE values for and ST-co-EDA/MMT samples was 4861N/mm2, 
whereas untreated styrene and ST-co-EDA samples showed 3192 N/mm2, 3683 N/mm2 
and 4359 N/mm2. It is interesting to note that even the ST-co-EDA/MMT impregnated 
wood samples showed nearly similar weight gain as that of WPC. This implies that a 
strong interphase interaction of the nanoclay and polymer matrix was formed. The 
improvement in MOE of WPNC samples can also be interpreted as the nanoclay acting 
as reinforcement and increasing the samples' density by reducing the number of void 
spaces in the wood as well as enhancing the interphase interactions between ST-co-
EDA and wood (Cai et al. 2010). No significant difference was observed between 
outdoor and indoor exposed samples.
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Compression test analysis
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Figure 6: Effects on the Surface Hardness of treated and untreated sesendok wood.

Figure 7: Compression results of untreated and treated sesendok.
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Treatment
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The compressive modulus values for the raw wood, WPC, and WPNC are 
summarized in Figure 7. From the figure, it is apparent that there was a significant 
increase in compressive strength of untreated wood, wood impregnated with 
styrene, ST-co-EDA and ST-co-EDA/MMT. These increments were 9.64 N/mm2, 
14.94 N/mm2, 20.06 N/mm2 and 29.59N/mm2 respectively. The chemical 
modification of raw wood puts a coating on the walls that thickens them, thus 
greatly increasing their lateral stability (Devi and Maji 2013). The highest 
compressive modulus values were found for ST-co-EDA/MMT samples. This is 
also expected because ST-co-EDA/MMT has the ability to fill the void spaces in 
the wood and the strong branched polymeric situation inside the wood thus leading 
to the formation of wood polymer composites with improved compressive strength 
(Hazarika & Maji 2014). When the WPNC sample was exposed to the 
surroundings, there were no significant differences observed from the indoor 
exposed samples. This shows that it has the ability to increase the adhesion and 
compatibility, thus forming a strong polymer coating on its surface and becoming 
good in weather resistance.

From the current study, it can be concluded that significant improvements in 
overall quality of Sesendok wood was obtained for the chemical modification with 
Montmorillonite(MMT) Nanoclay. Indoor and outdoor exposed study of 
chemically modified wood polymer nanocmposite also confirmed the considerable 
resistance against natural weather. The physical and mechanical properties of wood 
were significantly improved after being converted into wood polymer 
nanocmposite (WPNC). The considerable improvements in the wood properties 
could be attributed to better interphase interactions of the incorporated ST-co-
EDA/MMT and Sesendok wood. FTIR and SEM studies confirmed the 
incorporation of MMT nanoclay inside wood and a strong interaction between 
wood and ST-co-EDA/MMT. The MMT nanoclay as a co-reinforcement, increased 
the adhesion and compatibility of wood fibre to polymer matrix, thus enhancing the 
polymerization and interaction to wood and ST-co-EDA/MMT. This subsequently 
changed and increased the structural and mechanical properties of sesendok wood 
used in this study.

Similar work using low quality Bangladeshi wood species may be carried out in 
future by interested researchers. Different kinds of nanoclays such as iron, titanium 
and nanocarbon nanoparticles might be used to acclimatize the specific purposes 
such as outdoor and indoor application.
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