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Machakos University Journal of Science and Technology to our readership. This issue
presents research articles in the areas of Sceience, Technology, Engineering and Mathematics.
The manuscripts published herein have been subjected to a rigorous editorial and peer-review
process. The quality of the articles and by extension this Journal is enhanced by a rich
editorial board drawn from a diverse disciplines. The Journal is published in both print and
online forms.
There is witnessed growth in researches carried across the globe, sectors and disciplines.
However, dissemination through publication of the same is limited because of the
cumbersome and publication fees often sought by various journals. Machakos University
Journal of Science and Technology provides unique opportunities to the researchers,
academicians and professionals by minimizing such publication bottle necks.
The efforts and commitment exemplified by members of the editorial board towards
actualizing the publication of the third issue of volume two of the Machakos University
Journal of Science and Technology journal is indeed acknowledged.

Prof. Peter N. Mwita
The Chief Editor
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Flexibility of Interior Spaces for Low Cost Housing in Kenya- A Case Study of the
Kibera Soweto East Housing Project in Nairobi, Kenya
Njeru G. W, Maina S, Munene M.
Abstract
Kibera is the largest slum areas in Nairobi and the largest urban slum in Africa (UNHABITAT, 2008). It’s characterized by poorly constructed mabati (iron sheet) structures,
poor-drainage systems, and lack of clean water, electricity, medical care etc. Most of Kibera
slum residents live in extreme poverty, earning less than Ksh. 100 per day. The government
of Kenya set up the Kenya Slum Upgrading Program (KENSUP) in 2004 whose main aim
was to provide low-cost housing to residents living in the slum areas including Kibera,
Mathare, Kayole and Dandora. The Kibera Soweto East Project also dubbed ‘The Canaan
Estate’ was one of the first projects under the program and comprised of 21 blocks of five
floors each sitting in a five-acre piece of land. However in 2017, more than half of the
apartments had been given out for renting or sold by the allocated owners and the residents
went back to the slum. The major reason for these phenomenon was due economical
enrichment. 40% of the residents preferred to rent their houses as means of earning extra
income. However, 50% of the residents stated that the houses did not cater for their needs and
lifestyles taking into consideration that they now own the houses. The slum houses allows
them to manipulate as well as modify their interior spaces, a concept they are not able to
implement in their new houses. This is indeed a great challenge due to their rapid growth in
population and change in need and lifestyle over time. This study therefore sought to
determine how flexible are the interior spaces of the low-cost housing units in Kibera and
establish how they accommodate different arrangement of furniture pieces as well as allow
performance of different tasks/functions within a particular space. The research design was
the case study model where the research employs the collection and analysis of qualitative
data obtained through examination of documents, interviews, observation and taking of
photographs. The study was carried out at The Kibera Soweto East Housing Project, Kenya
and its residents plus the professionals are involved in the project are the respondents.
Findings revealed that the government did try to ensure that the low-cost houses are kept
simple, regular/standard by installing standard window and door sizes, eliminating storage
facilities apart from the kitchen, installing tiles for the floor, walls for the bathroom and
counter top for the kitchen and also installing normal light fixtures, kitchen shelves and
sanitary ware. This study findings contributes to informing the development of interior plans
and layouts that are ideal for low-cost housing units. Affordability can indeed be achieved in
low-cost housing but if the interior plans and layouts are not up to standard then it fails to
fulfil its purpose of improving the living standards and quality of life of residents living in
these housing units.
Key words; Low-cost housing units, Interior spaces, Flexibility, Multi-functionality, Interior
partitioning, Furniture layouts.
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INTRODUCTION
Background of the Research
Until September 2010, Kibera was considered as the second largest slum in Africa after
South Africa. It has 170,070 residents according to the Kenya Population and Housing
Census of 2009 (Daily Nation, 2010). The neighborhood is divided into 13 villages, including
Kianda, Soweto East, Gatwekera, Kisumu Ndogo, Lindi, Laini Saba, Siranga, Makina and
Mashimoni. A UN-HABITAT socio-economic record shows that Soweto East has 19,318
inhabitants spread out in four zones: A, B, C and D. Zone A is the largest in size with an area
of 6.9 hectares and accounts for 37% of the houses in Soweto East. It has 876 structures and a
population of 6,288. Out of this population, about 90% are tenants and only 10% are structure
owners, who do not live at all in the area but collect a monthly rent from the tenants and use
the money to develop housing in other areas of Nairobi (UN-HABITAT, 2008). This
therefore means that on average, each unit is occupied by seven people which is a relatively
high figure compared to the average size of a residential unit in Nairobi which has close to
four occupants. This area is considered an ideal area to put up structures since its relatively
close to the large industrial area, the health sector, for example, Kenyatta National Hospital,
Angelic Mission Hospital and Mbagathi Hospital; the Central Business District (CBD),
Upper Hill area and the affluent neighborhoods of Kilimani, Lavington, Lang’ata or the
middle-class neighborhoods of Nairobi West or South C hence making it a sought-after
residential area for workers, artisans and minor functionaries (Rosa & Bernard, 2012).
For purposes of this study low-cost housing denotes housing that is meant for the middle-low
income group in the society. It is reasonably adequate in standard and location. It may be
provided by local government authorities or private housing associations, helping to assist
those who cannot access accommodation in the private rental market. In Kenya, it may be
sold at or close to Ksh. 1 million (Van Noppen, 2012). Low income earners is used to refer to
individuals who earn Ksh. 50,000 and below per month (Institute of Economic Affairs, 2015).
Statement of the Problem
The Kibera Soweto East Housing Project was launched in 2012 and the handing over
ceremony of the completed houses took place on the 8th of July 2016. As of 2017, more than
half of the apartments had been given out for renting or sold by the allocated owners and the
residents went back to the slum. The major reason for these phenomenon was due economical
enrichment. 40% of the residents preferred to rent their houses as means of earning extra
income. However, 50% of the residents stated that the houses did not cater for their needs and
lifestyles taking into consideration that they now own the houses. The slum houses allowed
them to manipulate as well as modify their interior spaces, a concept they are not able to
implement in their new houses. This is an important factor due to their rapid growth in
population and change in need and lifestyle. This evidently shows that many low-cost
housing especially those provided by the government only focus on reducing cost when
coming up with the interior plans and layouts and not on the improvement of quality of life
and living standards of residents.
This study is of great importance since the recommended interior plans and layouts will be
applied to the other housing units that the government seeks to construct in Zone B, C and D
of Soweto East, Kibera. It may also act as a guideline to be used by the government and the
private sector when coming up with future projects for low-cost housing in other parts of the
country. In the long run, this will see an improvement of quality of life and living standards
6
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of not only the residents of Soweto East, Zone A but of other Kenyan citizens. The findings
herein also enriches existing knowledge and hence is of great interest to both researchers and
academicians who seek to explore and carry out further investigations.
Research Objectives
This study sought to examine how; flexible are the interior spaces of the low-cost housing
units, interior plans and layouts for low-cost housing accommodates different arrangement of
furniture pieces within a particular space, interior plans and layouts for low-cost housing
allows for performance of different tasks/functions within a particular space and propose
ideal interior plans and layout for low cost housing in Kenya.
Study Context and site
The study focused on the The Kibera Soweto East Housing Projectwhich is a five-acre estate
comprising of 21 blocks of five floors each. The apartments comprises of 144 three roomed

units, 570 two roomed units and 108 single roomed units. It is located in Langata area,
southwest of Nairobi and approximately 6.6 kilometers from Nairobi City Centre.
Figure 1: Zone A, B, C & D of Kibera, Nairobi
Source: UN-HABITAT (2008b).

Figure 2: Location of the kibera Soweto east project
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This study focuses on low-cost housing developed for the low-income earners who live in the
informal settlements; mainly those which are developed by the local government and whose
aim is towards slum upgrading. It confined itself to flexibility of interior spaces in low-cost
housing units, its key aspects such as multi-functionality and different furniture layouts in
interior spaces and the relevant key players such as the residents of the Kibera Soweto East
Housing Project and the professionals involved in the success of the project such as architects,
electrical engineers, quantity Surveyors, mechanical engineers, contractors and plumbers.
LITERATURE REVIEW
Housing is a set of durable assets, which accounts for a high proportion of a country’s wealth
and on which households spend a substantial part of their income (HoekSmit, 2011). In the
case of low income earners, they spend more proportion of their income on housing than high
income earner (UNCHS, 1996). In most developing countries like Kenya, the low income
earners form the larger part of a country’s population size hence most governments strive to
house these particular set of people. This may be due to the fact that most developers have
failed to come up with housing for this group of the society because they are not considered
to be credit worth for financing to have decent, affordable housing.
Taking Kenya as an example, the government set up KENSUP in 2004, so to provide lowcost housing to its low income citizens especially those residing in slums. Unfortunately,
low-cost housing has been equated with low-cost materials, reduced size of interior spaces
and location of the development. No much emphasis has been placed on aesthetics, cultural
performance, lighting, arrangement of furniture pieces, partitioning and circulation and
movement within these housing units.
The term ‘flexible housing’
Flexible housing is housing that can adjust to changing needs and patterns, both social and
technological. It allows for change of space depending on the needs of the dwellers in order
to adapt diversity and change of resident’s life. It enables people to occupy their homes in a
variety of ways, not tied to the specifics of room designations, and allows them to make
adaptations to their home. It also allows housing providers to adapt the mix of units, to
change internal layouts, and also to upgrade their properties in an economic manner
(Schneider & Till, 2007). It gives an individual some choice over how a space is arranged or
used to support her or his activities and preferences. Control over the layout of a space can
help an occupant manage privacy needs as well as opportunities for social interaction and
changes in household characteristics such as growing or aging households. It creates efficient
and comfortable homes. It also accommodates changing households and allows new owners a
chance to personalize their homes while minimizing waste of materials and cost of make
future changes. In general, flexibility is ability and potential of a building to change, adapt
and reorganize itself in response to the changes (Estaji, 2017).
Flexible interior partitioning
Flexibility in Groák's definition, is achieved by altering the physical fabric of the building: by
joining together rooms or units, by extending them, or through sliding or folding walls and
furniture. Flexibility thus applies to both internal and external changes, and to both temporary
changes (through the ability to slide a wall or door) and permanent changes (through moving
an internal partition or external wall). Dash (2003) recommends wood and hardboard siding,
since they are available in most parts of the country and their in-place cost is generally lower
than that of masonry. They are relatively easy to work with and are often installed by a
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carpenter. Disadvantages lie primarily in the need for painting or staining every few years,
higher fire insurance rates, and susceptibility to termites and weather. Boehland, & Wilson,
(2005) believe that low-cost housing is more acceptable if there are no common walls
between bedrooms. Closets can help provide this separation. Interior walls should also be
insulated and wall studs for acoustic isolation should be provided.
An example of where this concept has been implemented is in the Barcode Room. It is
composed of product furniture-walls that freely move from side to side, permitting the
resident to create unique spaces to fit a variety of uses. Functional elements, such as storage
and furniture, are built into these walls, and these elements are hidden and revealed at
different times of day as walls are moved and the elements are unfolded, creating a new
interior with each configuration. The tucking away of spaces not in use also allows for a
greater floor area available to the inhabitant and their guests. Through the use of the massproduced furniture-wall or bar, a typical studio space made for a single resident can transform
its use, becoming multiple transformable spaces, expanding and contracting when needed,
rather than remaining a single room that can be simply arranged. Just as each object in a store
has its own unique barcode, each usage of the apartment has its own unique layout.
Dolphin House is also a home composed of individual product rooms with slid able hanging
units on a double rail system in the ceiling replacing all walled surfaces. Cruciform columns
as the structural elements are located at the corner of each room into which the walls can be
locked. Fixed furniture within the rooms is restricted by the wall units’ radius of curvature as
the walls are moved along rails and rotate around room corners. The furniture for each type
of room is organized in three different configurations: circle, square, and line. Since floor and
wall material can be customized, when multiple rooms are placed adjacent to each other and
furniture styles are varied, room size, function, and materiality can be mixed throughout the
house, generating a unique arrangement of rooms that can fit into almost any site condition.
The systematic use of components allows users to fully control their spaces by deciding how
to combine these parts to create a whole. Rather than piecing spaces together from various
individual items at random, residents choose from cohesive units that, in conjunction with
each other, create endless possibilities.
While the ideas of using a single space for multiple purposes, as well as folding various
functions inside a wall, are not particularly groundbreaking, Barcode Room is unique because
it is an easily replicated and customizable product. The rail and wall system that Dolphin
House employs can also be mass produced and is created by modifying an existing product
line by the Kimado Corporation called “dolphin windows.” This line of products is unique
because they create large open spaces by effortlessly moving wall-sized hanging windows
along rails to a storage space. Both systems, either through generation or modification, result
in products that can be reproduced in great numbers.
Through mass production, the modification of Dolphin House allows various materials to
replace glass while using the same current rail system. These new materials create differences
in transparency and openness that exist between the individual rooms. In the original product,
the single rail guiding the product windows from open to closed positions limits the
movement of the windows. To overcome this challenge, the rail in Dolphin House has been
doubled under each beam, allowing all movable walls to be unlocked and pulled out in either
direction and permitting them to travel freely through the space. A wall can be opened
temporarily as a door, can trade places with another wall to change a room’s materiality, or
completely relocated to a storage area to link two or more rooms together for a longer period
of time (Knezo, 2016).
9
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Different furniture layouts in interior spaces
Fay (2005) states that the interior plans and layouts for low-cost housing should be in such a
way that they allow flexibility within the spaces as these greatly contributes to increase in
livability of residents living in these units. They should also be kept simple, regular/standard
and to a bare minimum so as to make the most of the available space and allow maximum
repetition of interior elements such as fittings, fixtures and materials. This provides residents
with the choice in the way they use space and arrange furniture with the aim of allowing their
living patterns to be accommodated as their needs change over time. It also meets social
needs by allowing inhabitants a degree of personal expression and it also ensures that housing
has a long life. Lack of it thereof, denies them the opportunities for self-expression results in
isolation and stigmatization.
One of the earliest inventions to incorporate the concept of flexibility was after the Second
World War when the interior of the low-cost housing was opened up in 1950 into what was
described as an ‘open plan space.’ This meant that the conventional division between rooms
disappeared, either through elimination or reduction of interior walls, and so the kitchen,
living and dining room could occupy one free flow of space, running from the back to the
front of the house. This meant that the open living space included a sitting area with sofabeds and extendable dining tables to accommodate for guests, as well as a large pantry and
island within a fully accessible kitchen. This meant that within the same space, one could
entertain guests, watch television, work with a computer, use the telephone, relax, prepare
meals and dine with friends and family (Ward, 2017). Another example would be the
hallways, if their size is increased; it can be used for additional functional purpose such as
study, library space, and bed or laundry niche. Storage cabinets and drawers built into the
triangular space beneath stairways, library shelves along stairway walls; and display cases
built into wall cavities (Brown, 1993).
Storage is critical as well. Low-cost house kitchens may need to include pantry cabinets,
cabinetry with interior storage feature that increase efficiency, and overflow storage
near/adjacent to the kitchen space. These are feature often omitted from low-cost houses
house due to economy, yet may actually increase efficient use of space and are thus desirable.
Where possible it is important to consider what the household has to store in the kitchen and
how to accommodate any special needs for storage and access to storage space. Adequate
counter space is needed in the kitchen and may be comparable to what is needed in a larger
home. Counter space may be used as a work area for food preparation, to accommodate small
appliances, and for storage or display space. Counter space in small kitchen is often cluttered
if there is inadequate storage in the kitchen. Counter space may also be used for other
household activities that require a horizontal work surface. Some counter space may need to
be transition space between spaces/rooms (Grey, 2004).
However, in the early part of this century there was resistance to the idea and the responses to
its introduction seemed more confused. So however much this is true and a completely open
plan house did not seem to be universally liked, with time people have been able to identify
the rooms to which they prefer for them to be combined and those they prefer to be private.
One of the ways was having the boundary between public and private space shifted from the
front door to the bedrooms. This meant that the whole of the ground floor of a house become
an area for public entertainment and display whilst the bedrooms become private and for the
family only (Roberts, 1990).
Multi-functionality in interior spaces
10
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Multi-functional interior spaces are spaces which can be used in variety of ways, generally
without making physical changes. This is primarily through the way the spaces are organized,
the circulation patterns and the designation of rooms. Boehland, & Wilson, (2005) suggests
combining functions of different rooms for space optimization. For example: combining a
guest bedroom with a home office and provision for both television viewing and music
functions in the living room. Hartany & Le (n.d) developed a project with the idea of a single
space that is surrounded by the essential minimums of services - kitchens and bathrooms that
are pushed to opposite sides of the single large space. A series of angles sections of wall
provide the connecting point for concertina panels. These walls allow the creation of different
connections between different areas and keep their multi-functionality intact.
This concept of multi-functionality in interior spaces has been widely implemented by
MacDonald, 1996; who has designed a number of affordable house prototypes including a
studio home for single people (‘unmarried workers, retired widows/widowers, single parents,
young people and those leading a lonely and unremunerated contemplative life’). This studio
home is a single-story building with a ground floor area of 18.2 square meters and a loft of
5.8 square meters (below the pitched ceiling) that can be used for storage, a bed space, or
work area, depending on local regulations. The dwelling in the ground floor area has basic
furniture including a sofa bed, dining table for two people, and a number of storage units and
has a bathroom, walk-in storage space, a large living-sleeping space with kitchen joinery
along one wall and a niche at one end in which a prefabricated fireplace can be installed. One
of the strategies that have been employed to make the small space appear larger than it is, is
having high ceilings of 2.6 meters. This highlights the importance of design, especially if
construction costs are to be reduced by keeping floor area to a minimum.
Vander Rohe achieves multi-functionality in interior spaces by only building the perimeter
walls and two columns within, which support the ceiling. Everything else is as free as
possible. He then proceeds to produce cheap plywood walls. He then designs the kitchen and
bathroom as fixed rooms, and the remaining space as variable dwelling space so that he is
able to subdivide these spaces according to the needs of the occupant. This would also have
advantages insofar as it would provide the possibility to change the layout of a unit according
to changes within a family, without large modification costs. Any joiner or any down-to-earth
laymen would be in the position to shift walls (Till & Schneider, 2005).
Provide quality detailing and finishes. By limiting the overall square footage of a house, more
budget can be allocated to the detailing, materials, and finish quality to make a house special.
Minimizing house size may also be a way to include some of the “green” building materials
and products that cost more (natural granite countertops, linoleum, certified wood flooring,
top-efficiency appliances, etc.) (Boehland & Wilson, 2005).Among the strategies he believes
that flexibility in low-cost housing can be achieved entails increased dwelling size, decreased
housing specificity, allowance for change (walls to be removed, added or moved), provision
of movable elements such as wardrobes, cupboards and walls and provision of developments
containing a number of different types of units allowing residents to move as their needs
change i.e. children no longer live at home. On of the countries that have successful managed
to incorporate well-designed interior plans and layouts in their low-cost housing project is
Malaysia. Its commitment towards low-cost housing started during the First Malaysia Plan
(1966-1970) while the private sector’s involvement was in the Second Malaysia Plan
(1971-1975) when the government realized the need and importance of the role of the private
sector in ensuring an adequate supply of low cost housing for the country. Its commitment
continued through to the Seventh Malaysia Plan (1996-2000), Eight Malaysia Plan (200111
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2005) & Ninth Malaysia Plan (2006-2010). More encouragement was placed on the private
sector to build more low- and low-medium-cost houses in their mixed-development projects
while the public sector concentrated on building low-cost houses as well as houses for public
sector employees, the disadvantaged and the poor in urban and rural areas (Ghani & Lee,
1997). One of the ways the government of Malaysia set out to achieve this was to establish a
set of standards for the design and interior planning of these low-cost houses. The floor space
for the terrace house was 48-60m2 while that of the flats was 45-56m2. The Terrace Houses
and flats was to have a minimum number of bedrooms being 3 with the first room having a
minimum area of 11.7m2, the second room having 9.9m2 and the third room having 7.2m2.
The kitchen’s minimum area for both the terrace and flats was 4.5m2. The living and dining
rooms for the terraces and flats had either to be a combined space or separately with adequate
area for both rooms. The bathroom and toilets for the terraces and flats were to be provided
separately with a minimum area of 1.8m2 each. The storage space and porch for the terraces
and flats was to be designed in such a way that there was adequate provision for resident’s
convenience and comfort (Idrus, Noraliah & Chin 2008)
METHODOLOGY
Research Design
Case studies are intensive analysis and descriptions of a single unit or system, for example,
individuals, events or groups bounded by space and time (Hancock & Algozzine, 2016). In
this study, the case study model was applied since the researcher seeks to gain in-depth
understanding of how the flexibility of interior spaces of the Kibera Soweto East Housing
Projects affects the living standards and quality of life of its residents. Insights and results
from this case study are then be used to propose ideal interior plans and layout for other low
cost housing projects in Kenya.
Population and Sampling
The population for this study mainly comprised of the residents living in Soweto East, Zone
A whose population is estimated to be around 10,000. The different professionals who were
involved in the project such as the electrical engineers, architects, plumbers, contractors,
mechanical engineers and quantity surveyors are also be included in the study. Purposive
sampling was used to identify professionals involved in the project who are seven in number.
They include Architect Koech, Quantity Surveyor Busei, Engineer Mutalanga, Engineer
Wambugu, Contractor Muthinga, Engineer Koech and Plumber Karago. Stratified random
sampling design was also used to come up with a properly representation of the residence of
the Kibera Soweto East Housing Project who participated in the study which is 100. The
population was grouped into strata, and then simple random systematic sampling is applied to
each stratum. In this case, the strata is 2 i.e. residents who live in the one bedroom and two
bedroom apartments.
Population

Target Size

Residents

100

Project Professionals

10

Total

110
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Data Collection Methods
The following are the qualitative data collection methods, in order of priority, undertaken in
this study;
a) Examination of documents
It is the analysis of existing resources, like government reports, personal documents, books,
articles in newspapers or medical records (Prior, 2003). In this study, policies, guidelines and
reports on The Kibera Soweto East Housing project at the ministry are critically analyzed.
Information in journals, books and media publications on low-cost housings and especially
on their flexibility both in Kenya and worldwide are also looked at in detail and provision.
b) Interviews
An interview is a product of interaction between the researcher and the interviewee and it
may be structured, semi-structured or open/in-depth, dependent on the characteristics of
structuring the interview by the researcher. Interviews are useful to explore experiences,
views, opinions, or beliefs on specific matters. Accounts can be explored and compared to
others, to develop an understanding of the underlying structures of beliefs (Green &
Thorogood, 2010). In this study, semi-structured interviews were conducted so as to obtain
first-hand information and reactions from the residents in regards to their houses. This is
indeed of great importance to the research as it helps one understand what the real issues are
and get suggestions directly from the residents on how to improve the interior spaces of these
low-cost housing units. The professionals interviewed also helped in understanding how the
low-cost housing project was conceptualized, implemented and the results thereof.
c) Observation
It is used to understand phenomena by studying people’s accounts and actions in an everyday
context. It may be non-participating observation, for example, by using video recordings or
participant observation or ethnography where the researcher participates, overtly or covertly,
in people’s daily lives for an extended period of time, watching what happens and listening to
what is said (Hammersley & Atkinson, 2007). Participant observation or ethnography is
applied in this study. The researcher keenly watches and attentively listen as the residents go
about performing their different tasks/functions within the interior spaces. This is of
importance as it helps greatly achieve objective three of this study.
d) Taking of photographs
Photographs are used to critically and objectively analyze the interior spaces of the existing
project. This is of great importance as it allows in-depth analysis of the plans and layouts due
to the available of more time.
Data Analysis and presentation
Descriptive statistic was applied on the qualitative data through the use of percentages.
Content analysis was also conducted so as to make in-depth inferences towards the
accomplishment of the four study objectives. From the analysis, inferences and information
obtained is presented in form of text as well as graphical charts.
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RESULTS AND DISCUSSION
Different furniture layouts in interior spaces
The government did try to ensure that the low-cost houses are kept simple, regular/standard
and to a bare minimum in very many aspects as illustrated in image 1 and 2. This entails
installing standard window and door sizes, eliminating storage facilities apart from the
kitchen, installing tiles for the floor, walls for the bathroom and counter top for the kitchen
and also installing normal light fixtures, kitchen shelves and sanitary ware. The toilet and
bathroom have been separated as well which allows one to use the different rooms at the
same time. The kitchen shelves, in particular, have been left open so as to allow one to
modify them in the best way that accommodates their lifestyle as illustrated in image 3.

Image 3: One Bedroom Floor Plan

Image 4: Two Bedroom Floor Plan
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Image 5: Kitchen Shelving Particulars

However, there is an extent to which flexibility has not been attained in the individual spaces
and in the entire house as well. The living room of the one bedroom house can only
accommodate two furniture layouts while that of the two bedroom house can only
accommodate three furniture layouts when maximizing on space. This limitation exists
majorly due to the positioning of the window. One furniture layout for the one bedroom
living room can only accommodate an L-sofa (five seater), table, TV. Cabinet and four stools
while the other layout can only accommodate a three and one seater sofa, stool, table, TV.
Cabinet and four stools. This is indicated in image 4 and 5 respectively. The residents believe
that more space would be available for the living room if it would be combined with kitchen
to make one single room. The partitioning walls would be eliminated thus allowing inclusion
of more furniture pieces with its different layouts plus increased circulation.

Image 6: One Bedroom, Living Room, Furniture Layout One
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Image 7: One Bedroom, Living Room, Furniture Layout Two

As for the living room of two bedroom house, it can only accommodate three furniture
layouts. The first layout accommodating an L-sofa (six seater), table, TV. Cabinet and four
stools, the second layout accommodating an L-sofa (five seater), table, TV. Cabinet and four
stools while the third accommodating a three and one seater sofa, stool, table, TV. Cabinet
and four stools; all illustrated in image 6, 7 and 8 respectively.

Image 8: Two Bedroom, Living Room, Furniture Layout One

Image 9: Two Bedroom, Living Room, Furniture Layout Two
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As for the bedrooms, the one bedroom house has only one furniture layout that
accommodates a bed bunk (double bed), single bed, stool and wardrobes as illustrated in
image 9 while that of the two bedroom house, has only two furniture layouts. The first one
accommodating a double bed, bed bunk (single bed), stool and wardrobes while the second
layout accommodates a bed bunk (double bed), double bed, stool and wardrobes as illustrated
in image 10 and 11 respectively.

Image 10: One Bedroom, Bedroom, Furniture Layout

Image 11: Two Bedroom, Bedroom, Furniture Layout One
17

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE
3, JUNE 2021

Image 12: Two Bedroom, Bedroom, Furniture Layout Two

The residents also felt it would be better if the rooms where of significant different sizes and
make. This would mean that for each room the positioning of the windows, doors, sockets
and switches would be different. This to them comes in handy when if they feel that one
room does not accommodated what they specifically want, then they have the option for one
or two extra rooms that serves them right for the purpose to which they desire to use the
rooms. For example, if they were of the opinion that the living room needed more space, then
they would convert the biggest room to be the living room. This would in turn allow residents
to add more furniture pieces while at the same time arrange them in whatever layout that is
pleasing to them.
In addition, more windows would be provided considering the ceiling is quite low and the
rooms are quite small as well. The windows would have more provisions for opening to allow
more light and air to come into the spaces. This would enhance the aspect of bringing the
outdoor environment into the interior spaces. More natural light as well would penetrate into
the room hence bring the illusion of a bigger room. It would also increase the possibility of
having a variety of furniture layouts since the arrangements would not be dependent on only
one single window. It would also improve the aeration within the rooms hence reducing the
aspect of the rooms being dump.
Having sockets on every wall, as suggested by Engineer Koech, would positively contribute
to this phenomena as well. The residents also believe that more storage facilities especially
those placed or hanged on the wall would have been provided, in particular, those which
would work best for both living and bedroom setting. This then provides extra space at the
floor area to accommodate more furniture pieces within the room. Also, since the rooms are
small in size, the illusion of a bigger space would have been created by the construction of
higher ceilings. This would also increase aeration within the rooms.
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Multi-functionality in interior spaces
Multi-functionality has been achieved by ensuring that all rooms are of the same size and
provision. This phenomenon allows residents to use whichever room they wish to as either
the living room or bedroom/s since there is no specialty to any of them. However, the
residents believe that more functionality and space would be achieved if the living room
could be combined with the kitchen to make one big room. The kitchen counter top would
then be used as a partial divider between the two spaces. Since the house is already small, this
gives the illusion of a big room as well create more space for storage and aeration since the
windows and door have been put to bare minimum. It would also allow for many activities to
happen within the same place such as entertainment, interaction, cooking and many more.
Instead of a concrete wall in between the bedrooms, two or more columns and beams would
be used to support the ceiling and the floors above it. The interior partitioning would then be
made of closets that runs from the ceiling to the floor. Various functions could also be folded
inside as well such as projecting tables and chairs. The most recommended is one that is
made of wood e.g. plywood and is insulted as well. This would bring down the cost
considering it’s a low-cost house. The insulation would limit the noise from one room to
another. This indeed provides more storage space not only for the bedroom but also for the
entire house. It creates more floor space for bigger furniture pieces to fit in such as beds. The
insulated wooden partition would be movable as well if possible on a rail. The other option
would be for them to be supported by various steel bars that are screwed both to the ceiling
and floor. The movement could be too and from as well as side by side. The partition would
also have the element of it being retractable or expandable. With all these features in place,
the partition should be in such a way that any joiner or down–to-earth laymen would be in a
position to operate it. This phenomenon does allow residents to manipulate their spaces in
whatever way that is suitable for them. Sliding doors that run inside the partition from one
end to another could be provided to allow residents to have doors in whatever position that
works best for their home setting.
The hallway to the different rooms would be eliminated. The space created would then be
distributed to the living room and bedroom so as to create more space. The entrance door
would be placed in the living room and this would facilitate maximization of space. The
doors to the two bedrooms would share the same wall as that of living room and kitchen.
According to the residents, this arrangement would help in creating more space for the rooms.
More functionality in the kitchen and bathroom would be achieved by increase in the number
of cabinets and shelves available, even if it meant for them to move up. Also, some of them
would be closed (provision of doors) for privacy as well as aesthetics. This would be
achieved by use of sliding doors. The residents also felt since the houses were constructed to
bare minimum, the interior finishes and fittings already installed would be detailed and of
better quality. Some of them complained that within the first two years, kitchen sink were
breaking down, toilet seats and showers were broken, kitchen cabinets were weak, paint was
chipping off and many other malfunctioning due to use of low quality material.
CONCLUSIONS AND RECOMMENDATIONS.
Elimination of the corridors to create more space for other rooms. This applies to the
partitioning walls as well thus allowing inclusion of more furniture pieces with different
layouts plus increased circulation. Employ the open plan concept by combining the living
room and kitchen into one big space. The kitchen counter top would then be used as a partial
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divider between the two spaces. This allows for different furniture layouts as well as
performs of different tasks and functions within a particular space. Addition of cabinets in the
kitchen all the way to the ceiling. This provides more space for storage hence more room for
circulation. Creating more storage space by installing floor to ceiling cabinetry. Addition of
extra windows since these was one of the limitations of accommodating different furniture
layouts within a space.
Introduction of movable closets that are supported by strong steel bars that are screwed both
to the ceiling and floor. They are made of wood, preferably MDF boards or plywood. They
may be insulated as well to prevent noise. At the end, the partition may be folded or unfolded
to facilitate its movement to and from. They may have the element pull-out shelves and
partitions that are projected when need be or retracted when not in use. This partition can
move to and from to certain extent. Replacement of the hinged door with the sliding doors.
This eliminates the space occupied by the door inside the room when open hence creating
more space for other functions to take place.
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Abstract:
Billions tons of conventional concrete are produced yearly as well as cement which emit
large tons of carbon dioxide due to huge millions of metric tons produced annually. Sequel to
this, there is need to produce a sustainable product due to pollution from cement production,
using agricultural waste materials which have recently been found to be of great interest to
construction industries at large due to their ability to substituting cement will solve
environmental and pollution related issues. Bamboo leaf ash and baggash ash are produced as
a result of combustion which serves as supplementary cementitious materials and can be used
for construction purposes. This study determines the compressive strength of concrete
without ashes, bamboo leaf ash, and baggash ash concrete at varying percentage replacement
of 5%, 10%, 15%, 20% respectively. Physical test, workability test, compressive strength test,
and durability test was performed on concretes. A total of 138 cubes were produced using
100*100*100 size cube cured at 7, 28, 56 and 90 days, of which 108 cubes were to ascertain
compressive strength for all the concretes, while 30 cubes were used for durability test. Based
on experimental results obtained, BLA surpassed BA concrete, and concrete without ash in
term of compressive strength at early and later age of curing using 10% as optimum level of
replacement, thus, one way ANOVA indicated, that BLA concrete is statistically better than
BA concrete and statistically the same at 56 and 90 days of curing for conventional, BLA,
and BA concrete. Furthermore, BLA and BA concretes reduced durability. BA concrete
increased the water absorption, permeable voids, and sorptivity. As a result, BLA and BA can
be considered as a good pozzolanic material which can save cost of construction, improved
concrete properties.

Keywords: Concrete, Physical Test, Compressive Strength, Durability Test, Bamboo Leaf
Ash, Baggash Ash, One – Way ANOVA.
INTRODUCTION
There is heavy dependence on cement most especially the construction industry for the
purpose of concrete production (Alabadan, Olutoye, Abolarin & Zakariya, 2005). Concrete of
10 billion tons are largely produced around the world (Mehta & Montero, 2006). Ensued,
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cement is one of the most vital binding materials in terms of quantity produced. It is produced
at very high temperatures which consumes a lot of energy of about 4GJ (Suhendro, 2014). It
emits harmful gases which pollute the atmosphere (Dhinakaran & Gangava, 2016).
According to (Statista, 2017)"Cement production around the world was estimated to be 4100
million metric ton, thus, 1 ton of cement emits 0.94 ton of carbon dioxide into the atmosphere
(Pan & Padavoni, 2003). As a result of this menace has led to thorough research into various
materials which can be utilised as cement supplementary so as to save on construction cost,
eliminate environmental hazards, and need to improve performance of concrete. Most new
biogenic waste materials to date are attained by partial replacement of cement with any of the
many wastes (industrial, agricultural, construction, etc.) and non-waste materials.
Bamboo leaf ash is a pozzolanic agricultural wastes due to it high silica content and it is said
to be amorphous in nature (Asha, Salmad & Kumar, 2014). Bamboo leaf ash is obtained as a
result of combustion of bamboo leaves. The ash content of bamboo is made up of inorganic
minerals, primarily silica, calcium, and potassium. Manganese and magnesium are two other
common minerals. Silica content is the highest in the epidermis (Li, 2004). Application of
these waste as cement replacement not only reduces the economic and environmental
problems associated with the waste disposal (Patil & Kumbhar, 2012; Wong, Hashim & Ali,
2013) but also reduces the CO2 emissions during cement manufacture which requires
extreme heat (Anupam, Kumar & Ransinchung, 2013).
According to the studies conducted by (Modani et al., 2013; Subramaniyan et al., 2016;
Abdulkadir et al., 2014) indicated that sugar cane baggash ash is an excellent pozzolana.
Baggash is the dry pulpy left after the extraction of juice from sugar cane (Babu, 2017).
Sugar cane baggash ash is a pozzolanic material which improves the strength of concrete over
some period of time. It contains high amount of silica and carbon materials, some minerals
like calcium, potassium, and magnesium oxide are present as minor compounds.
One way analysis or single factor analysis of variance is used for establishment of fact
whether there are statistically significant differences between the means of two or more
independent unrelated groups (Kim, 2017). This study has therefore established the
difference which existed between conventional, bamboo leaf ash, and baggash ash concrete
by using one way ANOVA test.
MATERIALS AND METHODS
Materials
The materials employed for this research work were ordinary portland cement (OPC) type 1,
bamboo leaf ash (BLA), baggash ash (BA), water, coarse aggregate (CA), fine aggregate
(FA), and superplasticizer. Bamboo leaves were fetched from Mau forest located in the rift
valley of Kenya. The sugar cane ash was gotten from sugar manufacturing industry located in
Kakamega county of Kenya. CA, FA, superplasticizer and cement were purchased in Kenya.
Lastly, portable water was used.
Methods
The methods utilised in these research are listed in Table 1. Sampling was in accordance with
techniques stated in BS EN 12350-1 (2009). Cubes of sizes 100 × 100 ×100 mm was used for
all the test. A total number of 132 cubes were prepared and cured in according to the methods
stipulated in BS EN 12390-2 (2009) for all the test. Cubes for compressive strength test were
cured for 7, 28, 56, and 90 days while the remaining cubes for water absorption, permeable
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void, density, and sorptivity were cured for 28 days. Three samples were produced for each
test.
Table 1. Test methods
Test on Component Materials

Test on Hardened Concrete

Test Conducted

Standard
Adopted

Test Conducted

Standard
Adopted

Aggregate specific gravity

BS EN 1097-6

Compressive strength

BS EN 12390-3

Sieve analysis (BLA, BA)

ASTM D7928-7

Water Absorption

ASTM C642

Sieve analysis (aggregates)

ASTM C33

Permeable voids

ASTM C642

Aggregate water absorption

BS EN 1097-6

Hardened density

ASTM C642

Voids in aggregate

ASTM C29

Sorptivity

ASTM C1585

Aggregate density

ASTM C29

Test Methods for Material Characterization
Grading process for aggregates was performed in line with ASTM C 33 (2003) techniques
using sieves in accordance with BS ISO 3310-2 (2013) , aggregate sampling was conducted
in accordance with BS EN 932-1 (1997) requirements for purpose of batching. Bamboo
leaves were allowed to sun dry to expel water content, later undergo burning to remove
inorganic materials that might be present in it, it was further calcined at 6500C using muffle
furnace at 2 hours retention time, after cooling, it was sieved using 0.15mm sieve. Baggash
ash was collected from the sugar industry and was sieved using sieve size 0.15mm.
Mix Design and Mix Procedure
The portland concrete mix design for grade 25 was carried out in line with BS EN 206 (2014)
and BS 8500 -2 (2012). A total of 9 mixes were prepared. Table 2 shows the details of all the
mix proportions. Water binder ratio (w/b) of 0.5 was kept constant for all the mixtures using
195kg/m3 of water. The cement was partially replaced by 5%, 10%, 15%, and 20% BLA and
BA by weight of cement. Superplasticizer at 0.8% (by weight of cementitious material) for all
mixes. Mixing was done manually as stipulated by BS EN 1881-125 (2013) [32] and was
controlled with a mechanism to guard against loss of water and cementitious materials during
mixing apportioning. The specific gravity for both BLA, BA, and cement were performed in
line with ASTM C188 (2016), chemical analysis for both BLA, BA, and cement was
executed using x-ray diffraction equipment in line with BS EN 196-2 (2013).
Table 2. Mix proportions for 25MPa concrete comprising BLA/BA
Mix
Description

Cement
(kg/m3)

BLA/BA
(kg/m3)

Superplasticizer C.A
(kg/m3)
(kg/m3)

F.A
(kg/m3)

Water
(kg/m3)

[BLA/BA]
25
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(%)
Control

390

0

1.5

993

662

195

5% BLA

370.5

19.5

1.482

993

662

195

10% BLA

351

39

1.404

993

662

195

15% BLA

331.5

58.5

1.326

993

662

195

20% BLA

312

78

1.248

993

662

195

RESULTS AND DISCUSSIONS
Material Characterization
Coarse aggregate (CA), fine aggregate (FA), bamboo leaf ash (BLA), and baggash ash (BA)
materials were characterized in term of grading. Aggregates, BLA, BA, and cement are
characterized in term of specific gravity. Aggregates are further characterized in term of
fineness modulus, bulk density, water absorption, and void content.

Physical and Mechanical Properties of Materials
The specific gravity for aggregates and cementitious materials, bulk density, water absorption,
silt content, fineness modulus, among others, are illustrated in Table 3.
Table 3. Physical and mechanical properties of materials
Property

BLA

BA

OPC

FA

CA

Bulk specific gravity

2.79

2.10

3.12

2.43

2.48

Bulk specific gravity based on
SSD

2.52

2.56

Apparent specific gravity

2.68

2.80

Fineness modulus

2.55

Silt content (%)

4.67

Water absorption (%)

3.95

3.27

Loose bulk density (kg/m3)

365

359

1398

1456

1417.5

Rodded bulk density (kg/m3)

479

471

1435

1577

1495

Voids in loose aggregate (%)

39.33

45.75

Voids in rodded aggregate (%)

34.31

39.52

5

20

Maximum particle size (mm)

0.15

0.15

0.09
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The gradation results for coarse aggregate, fine aggregate, bamboo leaf ash, and baggash ash
are depicted in Figures 1 -4 respectively.

Figure.1. Particle size distribution of fine
aggregate as per ASTM-33 standards

Figure.2. Particle size distribution of
coarse aggregate as per ASTM-33 standard

Figure 3. Particle size distribution BLA as
per ASTM – D7928 standards

Figure 4. Particle size distribution of BA
as per ASTM - D7928 standards

Figure 1 indicated that , the particle size of fine aggregate lies between 0.155 to 4.75mm
within zone 2 which satisfies the requirement that the fine aggregate should be less than 45%
retained on any sieve by ASTM – 33 (2003). The gradation for coarse aggregate as seen in
figure 2 illustrated that ,90% of coarse aggregate were between 9.5mm and 25mm, the
envelope curve was also between the upper and lower limit curve as stated by ASTM – 33
(2003). Figure 3 shows the particle size distribution of BLA, the figure indicated that, about
20% of its particles falls within 0.001mm (1 µm) to 0.02mm (2 µm) and 80% falls within
0.02mm (2 µm) to 0.15mm (150 µm) which was conforms with specifications of ASTM –
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D7928 (2017), based on this fineness particle behaviour, the water demand and surface area
of the bamboo leaf ash was increased. The maximum particle size for bamboo leaf ash used
in this work was 0.150mm (150 µm). Figure 4 shows the particle size distribution of BA, the
figure depicted that, about 29% of its particles falls within 0.002mm (2 µm) to 0.02mm (20
µm) and 71% falls within 0.02mm (20 µm) to 0.070mm (70 µm) which was conforms with
specifications of ASTM – D7928 (2017), due to this fineness, the water demand and surface
area of the bamboo leaf ash was enhanced. The maximum particle size for baggash ash used
in this work was 0.150mm (150 µm) .The fineness modulus of fine aggregate was 2.55, the
fineness modulus conforms to ASTM -C33- (2003) which specified that fineness modulus
should not exceed 2.3-3.1. Silt content 0f 4.67% for fine aggregate conforms to requirement
of ASTM – C33 (2003) of not exceeding 5%. The specific gravity of 2.43 and 2.48 for fine
and coarse aggregate was in line with the limit stated by ASTM – 33 (2003) of not exceeding
2.4 – 2.9, thus, rodded bulk density of 1577 kg/m3 and 1495kg/m3 for both aggregates falls
within the range of 1200 - 1750 kg/m3 according to ASTM – C33 (2003) standards. The
water absorption for both aggregates was 3.95 and 3.27 conforms to ASTM – C33 (2003) of
not exceeding 4. The specific gravity for BLA and BA was 2.79 and 2.10 which were 11%
and 33% lesser than OPC, the bulk density of BLA and BA were about 33% and 32% of that
of OPC. The lower values obtained in specific gravity and bulk density of BLA and BA
could lead to reduction in concrete density. The maximum particle size of BLA, BA, and
OPC were 150mm, 150mm, and 90mm. Table 4 shows the chemical compositions of BLA,
BA, and cement respectively.
Table 4. Chemical composition of BLA and OPC
Chemical
(%)

composition Cement

BLA

BA

Silica (SiO2)

20.600

69.112

70.40

Calcium Oxide (CaO)

62.927

10.814

2.90

Aluminium (Al2O3)

5.985

2.523

3.54

Iron (Fe2O3)

3.341

1.741

3.93

Phosphorus (P2O5)

0.639

1.525

2.17

Chloride (Cl)

0.151

0.670

0.25

Sulphur (S)

2.622

0.406

0.27

Manganese (Mn)

0.129

0.245

0.20

Potassium (K2O)

0.266

4.814

4.67

Loss of Ignition (LOL)

3.34

8.15

11.67

Table 4 illustrated the chemical analysis of OPC and BLA, and BA. The test was carried out
by using X-ray diffraction (XRD). Based on table 4. The percentage composition of CaO in
BLA is more than that of BA, though CaO for cement was higher than BLA and BA. CaO is
responsible for the formation of tri calcium silicate and di calcium silicate which both react
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with water to form calcium silicate hydrate (C-S-H) which is the main agent for strength
development of concrete. The percentage of SiO2 + Al2O3 + Fe2O3 for BLA and BA were
found to be 73.38% and 77.87% which was more than minimum of 70% stipulated by ASTM
C618 (2008) for pozzolana. Also, loss of ignition (LOL) for BLA and BA was higher than
OPC but still within the range of 12% stipulated by ASTM C618 (2008).

Hardened Properties of Concrete
Hardened Properties of Property
Table 7 shows the compressive strength (CS), water absorption (w), permeable void spaces
(v), bulk dry density (bdd), and sorptivity (k) of concretes.
Table 7. Hardened properties of concrete
CS (MPa)
S/No

7d

28d

56d

90d

W (%)

V (%) Bdd (kg/m3)

K (mm/h1/2)

0%

19.7

26.9

29

33.9

7.38

15.6

2.3

0.08

5% BLA

21

27.6

30.4

35.8

6.83

11.3

2.3

0.11

10% BLA

21.1

28.5

32.3

38.5

4.21

8.3

2.3

0.14

15% BLA

17.6

25.5

28.6

32.1

5.60

7.5

2.2

0.15

20% BLA

15.8

24.1

26.8

30.4

6.90

6.6

2.1

0.17

5% BA

16.1

21.8

25.5

29.1

7.99

15.9

2.3

0.07

10% BA

17.2

23.4

27.1

32.7

8.43

17.7

2.2

0.09

15% BA

14.9

21.1

26.2

28.3

8.72

17.9

2.2

0.12

20% BA

14.1

20.3

25.1

27.4

9.06

18.9

2.1

0.14

Average value for three replicate samples
Compressive Strength (CS)
The compressive strength of normal, BLA, and BA concrete at curing age of 7, 28, 56, and 90
days is shown in figure 5 and 6. It was noticed that, there was an early strength generation at
7 days for percentage replacement from 5% to 10% BLA replacement and a drop in strength
at 15% and 20% replacements was noticed, these trend was also applicable to 28, 56, and 90
days compressive strength. The increase in strength could be as a result of the presence of
high amount of amorphous silica present in the ash and high amount of CaO which lead to
the formation of tri calcium silicate and di calcium silicate which both react with water to
form C-S-H which was the determining factor for strength gain, tri calcium silicate is mostly
reactive at early ages which gave the ash more strength at 7 days for 5% and 10%
replacement while di calcium silicate is most reactive at later ages but contributes very little
to strength development unlike tri calcium silicate. As shown in figure 6, it was seen that,
there was a slow generation of strength at all level of replacements of BA at 7 and 28 days,
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thus, compressive strength increased from 56 days and 90 days, the slow reaction could be
attributed to low amount of CaO present in BA and di calcium silicate was most reactive at
later ages. The maximum strength was recorded at 10% for both BLA and BA replacement
at 7, 28, 56, and 90 days curing age. The BLA compressive strength obtained from this study
produced better results when compared with those of (Kolawole et al., 2015; Dwivedi et al.,
2006; Olutoge et al., 2017). Similar results in term of compressive strength of BA concrete
was reported by (Djima et al., 2018; Modani et al., 2013; Abdukadir et al., 2014).
Figure.5. Compressive strength of normal
BLA concretes

Figure.6. Compressive strength of normal
and BA concretes
Water Absorption
The water absorption of normal concrete as well as BLA and BA concretes is shown in figure
7 and 8. It was found out that, there was a general reduction in water absorption after
immersion (Wi) and after immersion and boiling (Wib) as the percentage replacement of
BLA content increased. Generally, the water absorption of BLA concrete samples had low
water absorption as compared with reference concrete. This reduction in water absorption
could be attributed to the initial filling of the voids by BLA concretes thereby acting as water
resistant. The results of this studies conforms to previous work by (Umoh & Ujene, 2014).
Consequently, from figure 8, it was seen that, there was an increment in water absorption
after immersion (Wi) and after immersion and boiling (Wib) as the percentage replacement of
BA content increased. Thus, water absorption increased as percentage replacement of BA
increased, this could be as a result of very fine particle of BA which leads to high absorptivity
features. The results of this studies was in line with previous research performed by (Djima,
Mang’uriu & Mwero, 2018).
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Figure.7. Water absorption of normal
and BLA concretes

Figure.8. Water absorption of normal and
BA concretes

Volume of Permeable Void Spaces in Hardened Concrete
The permeable void spaces of BLA concrete reduced a bit as the percentage BLA content
increased as seen in figure 9. This reduction in void could be as a result of increased reactions
which caused a denser porosity, thus reducing the permeable void spaces. The output of this
work conforms to previous research carried out by (Dhinakaran & Gangava, 2016).
Furthermore, BA increased the void as the percentage replacement of BA increased as shown
in figure 10. The increment could be as a result of finess nature of BA which makes the
concrete less impermeable.

Figure 9.void of normal and BLA concretes
concrete

Figure 10. Void of normal and BA

Bulk Dry Density of Hardened Concrete
The apparent density (AD), bulk density after immersion (BDI), bulk density after immersion
and boiling (BDIB), and bulk dry density (BDD) of BLA and BA concrete at 28 days of
curing reduced with an increment in BLA and BA content as illustrated in figure 11 and 12.
The reduction in density could be as a result of the lower specific gravity of BLA and BA
which is 11%, 32.69% lower than that of cement thereby directly reducing the density of the
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matrix as the percentage BLA and BA content increased. The bulk dry density for both BLA
and BA concretes were within the range of 2000 – 2600kg/m3 for normal concrete as stated
by BS EN 206 (2014). Thus, BLA and BA concrete can be classified as normal concrete. The
result of this studies conformed to previous work executed by (Olutoge & Oladunmoye, 2017;
Hussein, Nuruddin & Memon, 2014).

Figure.11. Hardened density of normal
and BLA concretes

Figure.12. Hardened density of normal
and BA concretes

Sorptivity
The results of the rate of absorption of BLA and BA concretes is given in table 9 and 10. The
rate of water absorption (mm/min1/2) was obtained from the slope of best fit line to the
cumulative water absorption (I) plotted against the square root of time (mm1/2). Thus, slope
was gotten using least squares, linear regression analysis of the plot of I against square root of
time (t1/2).From table, it was noticed that, soprtivity reduces as BLA content increased. The
sorptivity reduction could be due to the finer particle of BLA which filled up the air voids in
the concrete, thus, hindering the intrusion of water into the concrete. Meanwhile sorptivity is
increased as BA content increases. BA sorptivity increment could be as a result of fineness
particle of BA which is not closely packed together thereby allowing water to pass through it.
The sorptivity results of this research unveiled that , all the concretes samples conforms to
limit of sorptivity value less than 6mm/h1/2 based on the research conducted by (Hinczack,
Conroy & Lewis, 1986).
Table 8. Sorptivity of conventional and BLA concretes
Sample

0%

5%

Sorptivity, K (mm/h1/2)

0.1666 0.1451 0.1417 0.1153

Coefficient of Determination 0.9604 0.971
(R2)

10%

15%

0.9737 0.9661

20%
0.0828
0.9298
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Coefficient of Correlation (R) 0.9800 0.9854 0.9868 0.98290 0.9643
Table 9. Sorptivity of conventional and BA concretes
Sample

0%

5%

10%

15%

Sorptivity, K (mm/h1/2)

0.1666 0.0672 0.0919 0.119

20%
0.1405

Coefficient of Determination 0.9604 0.7936 0.8309 0.8322 0.7790
(R2)
Coefficient of Correlation (R) 0.9800 0.8908 0.9115 0.9122 0.8820
One way ANOVA
The mean compressive strength values at 7, 28, 56, and 90 days curing age ranging from 0% 20% percentage replacement in each case for conventional, BLA and BA concretes is shown
in table 10, where (A1, A2) represents BLA and BA at 7 days curing age, (B1, B2) stands for
BLA and BA at 28 days, (C1, C2) connotes curing age at 56 days for BLA and BA, (D1, D2)
stands for 90 days curing age for BLA and BA, Z1-Z4 represents conventional concrete at
curing age of 7-90 days respectively.
Table 10.Compressive strength mean values of Conventional, BLA, and BA concretes
Group

Means

A1

18.89367

A2

15.56958

B1

26.48942

B2

21.65775

C1

29.52833

C2

25.95675

D1

34.21433

D2

29.35383

Z1

19.73633

Z2

26.93500

Z3

29.06967

Z4

33.96667

Replicates of average mean values of 12 samples (A1-D2), 3 mean values for (Z1-Z4)

Table.11. One-Way ANOVA Table
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Df
Ashes

11

Residuals 96

Sum Sq Mean Sq F value
3542

322

478

5

64.65

Pr (>F)
<2e-16 ***

--Signif. Codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
The null hypothesis of equal compressive strengths of control, BLA and BA concretes at
different curing ages (7, 28, 56, and 90 days) was rejected given that the P-value (2e-16) was
less than the alpha (0.05). This connotes that, the compressive strengths are not significantly
equal at all level of percentage replacement. Hence, post-hoc test (Tukey multiple
comparisons test) was performed on the each pair order to deduce which pairs are equal or
different at 95% fa-mily - wise confidence level (Kim, 2017) as shown in table 11.

Table. 12. Tukey multiple comparisons of means
Pairs

Difference

Lower

upper

P adj

A2-A1

-3.3240833

-6.37619102

-0.2719756

0.0207034

Z1-A1

0.8426667

-3.98313931

5.6684726

0.9999849

Z1-A2

4.1667500

-0.65905598

8.9925560

0.1603627

B2-B1

-4.8316667

-7.88377436

-1.7795590

0.0000454

Z2-B1

0.4455833

-4.38022265

5.2713893

1.0000000

Z2-B2

5.2772500

0.45144402

10.1030560

0.0197701

C2-C1

-3.5715833

-6.62369102

-0.5194756

0.0086416

Z3-C1

-0.4586667

-5.28447265

4.3671393

1.0000000

Z3-C2

3.1129167

-1.71288931

7.9387226

0.5812337

D2-D1

-4.8605000

-7.91260769

-1.8083923

0.0000397

Z4-D1

-0.2476667

-5.07347265

4.5781393

1.0000000

Z4-D2

4.6128333

-0.21297265

9.4386393

0.0748046
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Based on Tukey post hoc test shown in table 11, it was found out that;
For the pair of comparison (A2-A1), (B2-B1), (C2-C1), and (D2-D1). 0 was not contained in
the confidence interval, this means that, there is significant difference between the
compressive strength of BLA and BA at 7, 28, 56, and 90 days curing age. The P-values was
less than the alpha (0.05) indicating that, the compressive strength of BLA and BA at all
curing ages are not equal. The difference was also negative which means the compressive
strength of BLA is better than that of BA at 7, 28, 56, and 90 days curing age respectively.
Comparing (Z1-A1), (Z1-A2), and, 0 was contained in the confidence interval, this means
that, there is no significant difference between the compressive strength of Control, BLA, and
BA at 7 days curing age. The P-values were greater than the alpha (0.05) which connotes that,
the compressive strength of Control and BLA at 7 days curing age are statistically equal.
Furthermore, in the Pair of (Z2-B1), 0 was contained in the confidence interval, this indicated
that, there is no significant difference between the compressive strength of Control and BLA
at 28 days curing age. The P-value (1.000) was greater than the alpha (0.05) which shows that,
the compressive strength of Control and BLA at 28 days curing age are statistically equal.
Meanwhile, the pair of (Z2-B2), at 28 days shows that, the compressive strength of control
sample and BA samples are not the same. Furthermore, the pair of (Z3-C1), (Z3-C2), (Z4D1), and (Z4-D2) at 56 and 90 days curing age, indicated that, 0 values was in the confidence
interval, this shows that, there is no significant difference between the compressive strength
of Control, BLA, and BA at 56 and 90 days of curing . The P-values were greater than the
alpha (0.05) which means, the compressive strength of Control, BLA, and BA at 56 and 90
days of curing age are statistically equal.
CONCLUSIONS
The comparative analysis of compressive strength of conventional, bamboo leaf ash, and
baggash ash was performed. Thus, properties of conventional, bamboo leaf ash, and baggash
ash concretes in term of fresh, and hardened properties were also examined. Based on the
comparative analysis, experimental results, and discussions carried out, the following
conclusions was made:
There was an increase in compressive strength of BLA concrete, while compressive strength
of BA concrete increased at later age of curing beyond 28 days. The optimum level of
replacement was achieved at 10% for both BLA and BA concretes.
BLA concretes had lower water absorption, density, permeable voids, and sorptivity values as
compared to that of control samples. BA concretes had higher water absorption, permeable
voids, sorptivity, but lower density values as compared to that of control samples.
BLA concrete is better than BA concrete at 7, 28, 56, and 90 days. Control sample and BLA
concretes are the same at 7, 28 days , thus, control sample is higher than BA concretes at 7,
28. Control sample, BLA and BA concretes are statistically the same at 56 and 90 days
respectively.
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Abstract
As Governments look for ways to improve service provision, the need for restructuring processes
and effectively using technology to improve efficiency and effectiveness of their functions
becomes critical. Cloud computing is one of the recent technological trends that support these
efforts. It is a type of sourcing model in which computing services are provided as a utility over
the Internet. The promise of cloud computing has captivated organizations globally. Considering
e-Government is one of the sectors that is trying to provide services via the internet, cloud
computing is a suitable model for implementing e-Government architecture to improve eGovernment efficiency and user satisfaction. Adoption process is the challenge. Organizations
have challenges of how to best adopt cloud computing. Existing frameworks of cloud adoption
look at different aspects of cloud but fail to view the complete spectrum of cloud adoption issues.
This study takes a concept centric approach by creating a stage model for adoption of cloud
computing in e-Government. The model is a guide on cloud adoption, especially with the
dynamics of technology. The organizations at different stages of cloud adoption exhibit different
characteristics and possess distinct competencies, and organizations should not bite more than
they can chew, lest their programs fail. In this study, the adoption of cloud computing in
implementing e-Government was done through mixed research, where primary and secondary
data was utilized to inform the stages of adoption. A stage model was therefore developed. The
model is to provide a guideline for Governments in creating cloud-computing strategy by
identifying the levels of implementation and stages thereof. Deployment model is mostly utilized
by governments to adopt cloud computing. This model is not clear on application and
progression nor does it clearly address security issues. This puts at risk the integrity and
confidentiality of data owned by the Government or its agencies. The stage model for adoption
of cloud computing in e-Government developed in this study is therefore a useful tool for it
provides cloud adoption path. It addresses issues of cloud ownership, cloud policy, systems
complexity and economic benefits of cloud computing adoption in e-Government
implementation. The model evaluation confirms the applicability and the central role it plays on
laying a roadmap to cloud computing adoption for governments.

Key words: Cloud computing, E-Government, Stage model, transparency, deployment model, eGovernment architecture, concept centric approach
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INTRODUCTION
E-Government (Electronic Government) means the operation of providing governmental services
to the citizens, businesses or to other governments electronically using Information
Communication Technologies (ICTs) especially the Internet (Alvarez, 2012). That means the
governmental services are turned into electronic services (E-services). E-government started
emerging in the nineties of the last century as a project to provide e-services to the citizens in
order to save cost, time and effort. With this progress of technology, the development models of
E-government began to appear to put the scientific steps to adopting and development of eGovernment from zero point. These development models were developed according to different
standards that change from one country to another (Alvarez et al., 2012). They developed to
become maturity models to assess the progress of any e-Government projects. With this change,
Cloud Computing began to appear in the horizon as a revolution in the world of information
technology. Cloud computing sparked widespread controversy about the future of information
technology fields including e-Government (Gens & Frank, 2013).
Cloud computing means providing the computer resources as services via the internet by
providers to customers. These computer resources include the power of CPU processor, storage
space, bandwidth and the required applications to manage any operations (Brodkin, 2013). Cloud
computing services include operation, maintenance and update and manage the applications.
That means the computer resources are turned to services and the payment of the services done
per use. Cloud computing is very useful for E-government projects. The cost of infrastructure of
E-Government and the inefficiency of human resources and staff have contributed to failure of eGovernment projects. Cloud computing presents Cost Saving, professional management and
utilization of high-end resources and application (Alvarez et al., 2012).
Even though cloud computing presents many opportunities to e-Government, governments have
not fully adopted cloud computing. This has been due to lack of guidance into cloud computing
adoption to e-Government implementation. This research seeks to provide that guidance through
a stage model for adoption of cloud computing in e-Government implementation (Li, 2016 b).
Despite of the benefits that come with cloud computing, Governments still have not fully
adopted cloud computing in service delivery. This could be attributed to lack of adoption criteria.
E-Governments cannot clearly identify and define what level of implementation they are in and
what it entails. Questions of control and ownership of data arise with the migration of
Government data to the Cloud. In many countries storing Government data outside of country’s
boundaries is prohibited, thus compliance with legislation is an important challenge related to
cloud computing adoption (Gens & Frank 2013).
From industrial perspective, there are an increasing number of organizations offering Cloud
products and services. Amazon is a market leader in Public Cloud and offers Elastic Compute
Cloud (EC2) for computing capacity and Simple Storage Service (S3) for storage capacity.
Microsoft provides Windows Azure services to allow developers to store their codes and develop
new applications for their clients or companies (Li, 2016b).
Salesforce.com is a pioneer in Cloud and presents their Customer Relation Management (CRM)
applications for a large number of their users. Oracle consolidates resources with Sun
Microsystems, and offers several products and services ranging from hardware to application
focus. IBM has Cloud products and applications suites to help their customers. In addition, there
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are more Small and Medium Enterprises (SME) developing and selling their Cloud services and
products, and they offer different types of business models and perspective (Marston, et al.,
2010).
Position of the current cloud business market players
Cisco is a founded player in the cloud business. He has identified two broad categories of cloud
deployment, virtualization and cloud computing. Out of which several stages of deployment have
been identified including data center networking, unified fabric, unified computing, private
clouds and inter-cloud as shown in Figure 2.16. A closer look at the model reveals a
infrastructural approach of the model, with complete exclusion of service model perspective,
which forms the basis of cloud adoption. It is therefore difficult for any e-government to adopt
cloud computing using this model because it is oriented towards creating a data center but not the
broader perspective of government cloud adoption

Figure 1: Cisco Cloud data center Evolution Roadmap
Oracle developed a maturity stage model, as shown in figure 2, which has five adoption levels
ranging from application level to enterprise level. It identifies hierarchies of adoption ranging
from ad-hoc to optimised. It identifies three stages, exploration, expanding and exploitation. This
model comes closer to establishing an adoption path but misses to relate the levels with the
already existing models for the users who are already in progression. It largely takes a data
storage concept and therefore can only be used in cases of deployment of Iaas or Storage as a
service adoption, but not e-Government cloud implementation.
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Figure 2.oracle’s cloud maturity stage model
Upon review of published literature, it was observed that previous work by Tsaravas and
Themistocleus (2011) was limited to analyzing case studies in which cloud computing was used
by public organizations. Aamirand and Shahzad (2011) created the cloud service model which
related the different services supporting cloud computing namely; Infrastructure as a service
(Iaas), Platform as a service (Paas) and software as a service (Saas).
This model only defined the services which support cloud computing but did not define their
hierarchy and deployment approach. Aamir and Shahzad (2011) listed Saas as the highest service
level citing email service as an example. In reality, it is the lowest because all mail services like
Gmail and yahoo are hosted in clouds available to any user at the basic level of deployment,
bearing the high level of abstraction and usability in SaaS.
Erwan Granger (2013) came up with the deployment service model which related the service
levels to the four types of cloud adoption levels namely private, public, community and hybrid.
His study only defined the levels of cloud ownership but did not give a roadmap to adoption of
cloud computing. The model presented in this study is for adoption of cloud computing in eGovernment implementation. It is intended to map the path for adoption of cloud computing in eGovernment by identifying the different levels involved and relating them in hierarchical order.
While most authors examine the potential of cloud computing in e-Government generally, others
focus on the e-Government system of a specific country. Tahamtan et al. (2011) studied the
potential of cloud computing in Austrian public sector, interviewing eight ministries and the
office of chancellor. The research showed that the most important requirements of the Austrian
public sector, related to cloud computing adoption, are legal compliance, reliability, availability,
compatibility, connectivity and scalability. In addition, Data security and privacy, network
security, lack of knowledge of available systems, previous investments and business continuity,
were identified as the obstacles for integration of cloud computing in the Austrian public sector
Khan et al. (2011) focused on the future integration of cloud computing in e-Government of
developing countries, using as an example the e-Governments system of Pakistan. After
reviewing the e-Government challenges and readiness of the country, the authors proposed that
cloud computing can be used as a solution to problems such as digital divide and inadequate
funding that developing countries usually face in the context of e-Government.
Stefanou and Skouras (2012) conducted a survey to find whether companies in Greece would be
positive towards using a Government’s payroll information system based on cloud computing.
The information payroll system based on cloud computing that authors propose, promises to
simplify the bureaucratic procedures related to labor inspection, giving to the state the role of
administrator of the businesses database and therefore enabling distant control of labor issues.
Through a questionnaire, companies were asked to choose between the Integrated Information
System planned by Ministry of labor and aforementioned Payroll Information System provided
by public sector via cloud computing. According to the results of the survey, half of the
responses were in favor of the first solution and the other half in favor of the cloud based payroll
Information system. It therefore seems that companies have some reservations about using the
cloud based solution, mainly as regards data security, connection and software issues.
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European Commission adopted a more focused approach, indicating key actions for cloud
migration in Europe. Although it cannot be considered as a full migration strategy, it clearly
helps towards that direction, bringing to the fore the following important actions to be taken.
“Cutting through the jungle of standards”, “safe and fair contract terms and conditions” and
“Establishing a European cloud partnership to drive innovation and growth from the public
sector”.
Rationale
Despite of the many players in the cloud business, cloud computing in e-Government has not
been addressed adequately. Much of the focus has been on profit making business organizations
that adopt short-term cloud service for convenience. This has led to slow adoption of cloud
computing by Governments (Li, 2016b).
Different cloud models including service and deployment are in existence, but none addresses
the issue of adoption process and the complexities involved. They only address cloud ownership
and the services that accompany each deployment. The path to cloud computing adoption in eGovernment implementation has not been fully addressed. This leaves e-Governments with no
option other than adhoc utilization of cloud services, hence not fully realizing the full benefits.
Cloud frameworks and adoption models available currently have not addressed the issue of egovernment adoption of cloud computing instead they focus on general cloud service
deployment. Even the cloud service providers have not given a solution on the approach which
governments need to take to fully enjoy the benefits of cloud computing, instead Governments
use trial and error methods to embrace cloud computing in providing essential services. Out of
related literature, it is clear that there is no existing model on adoption of cloud computing in eGovernment implementation.
Objectives of the study
The main objective of the study was to formulate a stage model for the adoption of cloud
computing in E-Government implementation. The specific objectives were to; review the
suitability and benefits of cloud computing in e-Government, review available literature on cloud
adoption models, establish the status of cloud adoption in Kenya, Machakos County Government,
formulate and discuss the four stages of a stage model for adoption of cloud computing in eGovernment services and evaluate the stage model.
METHODOLOGY
Research Design
This study has used a mixed approach deriving its insights from combination of primary data and
system modelling. To identify the level of e-Government implementation initiatives and their
influence on public service delivery in Kenya, a survey design was adopted where the relevant
public office holders in the county government on adoption of cloud computing in e-Government
and public services dissemination was carried out to ensure an informed discussion, evaluation
and conclusion.
The steps used in the survey are:- establish the level of awareness on cloud computing in eGovernment service delivery, identify the challenges facing e-Government and their impact on
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electronic public service delivery, establish the Government policy on utilization of eGovernment services, establish whether the Government has any strategy on cloud computing
adoption, establish the cloud adoption criteria in e-Government services.
Findings distilled from the survey and case studies in literature review and accompanying
analysis yielded an adoption model. The adoption model was created after identifying distinct
characteristics for each of the accompanying stages, mapping characteristics to Adoption. They
examined through the lens of the adoption model by ranking them on each of the Adoption and
Readiness dimensions.
As final part of the study, the adoption model and other insights were evaluated through focus
group. Key parameters influencing the move to cloud, were mapped in stock flow diagrams
(Infrastructure as a Service (SaaS), Platform as a Service (PaaS) and Software as Service (SaaS)),
which contained balancing and reinforcing loops. From the stock flow diagrams, basis of the
stage model was developed.
Target Population
Target population refers to the entire group of individuals or objects to which a researcher is
interested in generalizing the conclusions (Best and Kahn, 1989). In this study, the target
population was the nine (9) departments in the Machakos county government. Each county
government has nine ministries, from which two top ICT officers were sampled.
Sample Size and Sampling Procedure
A sample is a finite part of a statistical population whose properties are studied to gain
information about the whole (Webster, 1985). The sample size was drawn from the ICT
departments from the nine (9) ministries in Machakos county government, established as per
Constitution of Kenya (2010). The sampling units were obtained through selective sampling
where the two (2) top managers of the ICT departments in each ministry were sampled. The
Government of Kenya has two tier Government system, the Central and County Governments.
The central government has devolved its functions to the County government in a structured way.
All 47 counties just replicate each other but at different geographical regions. Therefore
sampling Machakos county is representative of all other counties. Since there are a total of nine
ministries in the county government as per the constitution of Kenya (COK, 2010), the study
engaged 2 ICT professionals from each department where 18 respondents were picked to fill the
questionnaires.
Methods of Data Collection
The survey utilized questionnaires as the main data collection tool. The questions were fully
structured with most of the questions being closed (multiple choice and ranking) with only few
open-ended question. The questionnaire was pre-tested by administering to five ICT officers in
the county government of Machakos before conducting the main survey. This ensured that in the
actual survey the response given was specific to the respondent’s ministry.
Reliability of Data Collection Instruments
Reliability is the consistency of measurement, or it is the repeatability of your measurement. A
measure is considered reliable if a person’s score on the same test given twice is similar. It is
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important to remember that reliability is not measured; it is estimated (Mustonen & Vehkalahti,
1997). Alternative Form Method was used where the questionnaires were purposely administered
to a group of seven respondents who were on their internship program in the county government
one week after the main data collection exercise. The results were compared with the actual
survey and it was found to give almost similar results with the actual results.
Validity of Data Collection Instruments
According to Mugenda and Mugenda (1999), validity is the degree to which a test measures what
it purports to measure. Validity was achieved through pilot study where the irrelevant items were
removed. Secondly, the results were given to a peer for review and comments and lastly the
supervisor for further review and technical input.
Data processing and analysis
Since the survey generates quantitative data, Microsoft excel was used for analysis. Writing was
done using Microsoft word and findings presented in graphs.

RESULTS AND DISCUSSION.
Analysis of primary data from Machakos County.
It was observed that 78% of the respondents had access to the internet. 44% of all staff had
corporate email addresses. Of those who had corporate email addresses, 80% of their mail
servers were hosted in google cloud. Only 22% of the staff interviewed were aware of restriction
to use organization based email domain for official communication. The fact that staff are not
restricted on domains to open and use for official use means there is no guidelines on cloud
service adoption. The few cloud-based services are just used for personal convenience but not
general objective of e-Government service delivery.
From the research, 100% of all respondents had at least one online service they utilize from the
central Government. 100% of all application programs from central government were web based.
50% of those who enjoy web based application programs have the servers based on the cloud,
28% are hosted locally while 22% were not sure. 0% of respondents have no official programs
which they pay for per usage, 11% have but for personal use only, while 6% were not sure as
shown in figure 3. This confirms that Machakos County has not yet embraced cloud computing
because the only few persons who use cloud computing is a personal initiative and intended to
fulfil a personal obligation but not the e-Government system.

45

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

Figure 3: programs paid per usage.
On level of confidence that users have about the government on cloud computing, 61% feel that
they are just beginning to familiarise, 28% are relatively familiar, while 11% are very familiar as
shown in figure 4. To embrace cloud computing, the Government has to make a deliberate
attempt to create awareness and make staff appreciate and embrace cloud computing especially
in service delivery.

Figure 4: level of confidence in Government’s knowledge on cloud computing adoption
On the future of Cloud computing in e-Government computing, 28% of respondents strongly
agree, 56% agreed and 17% disagreed while 6% strongly disagreed (figure 5). Considering the
global trends, it is clear that cloud computing holds the future of e-Government implementation.
The stage model provides this implementation path.
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Figure 5: future of cloud computing model of e-Government
About the stage that the government is with regard to cloud computing adoption in offering its
services, 17% felt that the government is not involved, 11% thought it was using, 28% thought
they were still at the trial stage and 17% were at implementation stage (figure 6). If the path to
the cloud is not known, then it is difficult to fully adopt cloud computing in e-Government
service delivery. Therefore, cloud adoption awareness is paramount in the e-Government cloud
business.

Figure 6: The stage in cloud computing that the Government is in offering its services.
On beneficial characteristics of cloud services in e-Government, the greatest identifiable benefit
was buyers’ pay per use while the least was rapid acquisition and deployment. Variable pricing
based on consumption, lower on going operating costs and little or no capital investment were
also identified as benefits (Figure 7). This clearly shows how financial implication is central to
cloud business. The pricing policy is of focus here. E-Government users seem to be more
interested in only paying for what they use. At the initial levels, Software as a Service (SaaS)
provides the best opportunity for such, because of the level of abstraction and user friendliness.
This points out that cloud computing is highly considered for cloud e-Government
implementation for the financial gains that it presents, but cutting down on operational cost.
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Figure 7: Beneficial characteristics of cloud services in e-Government
The respondents expressed that greatest service provided by e-Government to its citizens is tax
returns (31%) while the least is complaint/compliment management (5%). (Figure 8). In the
county Government of Machakos, cloud computing is still at the very young stage. There is
therefore need to come up with guideline on cloud computing implementation path. There is
therefore need for a deliberate effort to achieve this. Some decisions may not be made at the
county level but at the national level. This can either be through a roadmap to the cloud,
methodology or cloud adoption criteria. Through the stages in cloud adoption presented in this
study, this can be achieved.

Figure 8: Services provided by Government to its citizens
According to this research, 32% of the respondents expressed that cloud computing for public
service means a type of outsourcing of IT and 13% felt it is an interesting business offering
(Figure 9), meaning that they have a basic understanding of cloud computing. On this foundation,
the concept can be developed further into fully-fledged adoption strategy. Some staff still feel
that the cloud hype will subside but this provides a precaution to carefully consider adoption
strategy and path to the cloud taking into consideration the unique circumstances for each
Government entity.
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Figure 9: Primary meaning of cloud computing for public service

As clearly presented in this study, 83% of respodents felt that there is no sufficient knowledge in
the public to enable them make decisions on cloud computing adoption while 17% felt the
contrary (figure 10). This adoption model will therefore provide the knowledge required by the
Governmnet to make right cloud adoption decisions.

Figure 10: Availability of sufficient knowledge to make decisions on cloud computing adoption
In view of the respondents, hardware cost saving and pricing flexibility are the very important
benefits of cloud computing while increased collaboration is the least important. (Figure 11). The
financial and economic benefits of the cloud business therefore confirms that cloud adoption into
e-Government will save money. This is confirmed by literature review, as cost saving was
identified as a key benefit of cloud computing. The technology requires minimal capital
investment making it a better alternative to traditional computing, which requires many
infrastructural establishments.
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Figure 11: The most important benefits of cloud computing to the Government
Security, Privacy and vendor lock-in were viewed as the main concerns regarding the use of
cloud computing in e-Government. Integration, lack of functionality and insufficient financial
benefits were the least concerns of the options provided. (Figure 12). The different levels of
cloud adoption stages pose different challenges. When the adoption path is clearly defined, it
leaves nothing to doubt. All service model options are made open as well as the underlying
deployment designs. Security, privacy and vendor lock-in are factors which slow down cloud
adoption. These questions are clearly addressed by the stage model.
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Figure 12: The three main concerns regarding use of cloud computing in e-Government.

Data storage (41%) and email/messaging (21%) were identified as the main online services in the
Government currently. Application development (0%), Application hosting (0%) and enterprise
service bus (0%) were online services, which the Government is not using at all. (Figure 13).
This demonstrates that the time to embrace cloud computing is now. The first thing would be to
create awareness on cloud computing models. It is on service and deployment models upon
which stage model rides. Further to that, software as a service (SaaS) is already in use while
platform as a service (PaaS) and Infrastructure as a Service (IaaS) are not in the picture yet. This
confirms what is presented in the stage model that the lowest level of cloud adoption is Software
as a Service (SaaS) while PaaS and IaaS traverse second third and fourth stages respectively.
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Figure 13: The online services that the Government is using now.
As observed from the study, 100% of all respodents said that cloud computing has not been
discussed formally as part of IT strategy in e-Government in their ministries. (Figure 14). For
Cloud computing to be fully integrated into e-Government, a policy has to be in put in place to
guide the process. This is at the highest level of adoption stages, before which an adoption path
has to be discussed and agreed by all process owners and stake holders in the adoption process.
The adoption process can only be guided by the available models at any one time. The stage
model therefore provides this guideline to the cloud.

Figure 14: If cloud computing has been formally discussed.
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From the research, 100% of all respodents said that the Government has not enlisted the stages in
implementation of cloud computing. (Figure 15). This confirms that there does not exist an
adoption path to the cloud for e-Government implementation. This research was therefore timely
to provide such solution.

Figure 15: Enlisting of the stages in implementation of cloud computing

It is clear that 83% of the cloud services provided to the Government are owned by private
vendors while none is owned by communities or other governments. Only 17% is owned by
Government agencies. (Figure 16). This clearly demonstrates how uncordinated cloud computing
is in e-Government. The cloud deployment model therefore needs to be maped in the adoption
stage model. At the initialization stage, the Governmnet is not expected to own any cloud and if
it does, only at agency level. This confirms the explanation of the stage model that stage1 cloud
deploymnet is largely private. As we climb up the satages, clouds become more personalised.
This is basicallly due to economies of scale and security and confidentiality of the large volumes
of government data involved.

Figure 16: Ownership of the cloud services that the Government is currently using.
53

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

Security, cloud computing market and legal expertise were the top most knowledge/expertise
which should be sufficient within e-Government regarding cloud computing.(Figure 17). For
cloud computing to be fully adopted in e-Governmnet, there are competencies which need to be
developed from within the governmnet systems. These findings therefore demonstrate how
unprepared the government is for cloud adoption. Stage model provides the areas of competency
which need to be developed at each stage of the adoption process.

Figure 17: Types of Knowledge/expertise needed within e-Government for cloud computing
Findings from case study
Despite of the fact that the county Government of Machakos has some online services, it is
evident from the data collected that the Government does not have a structured way of adopting
cloud computing in its e-Government initiatives. Much of the cloud computing is used for
personal purpose, meaning it is a personal initiative of the IT staff to deploy the services for their
own convenience but not to deliver service to the citizens. This confirms the adhoc nature of
cloud deployment as proposed in the stage model.
There is evidently no adequate awareness even among the IT staff on cloud computing and
intentions of the Government to deploy and utilize it in service delivery. Despite of the service
not being deployed, staff have confidence that cloud computing is the way forward in eGovernment deployment. The IT staff, who are to support the e-Government services, are not
able to tell the extent of cloud computing adoption in e-Government services. From the proposed
model knowledge base is key to deploying cloud computing. Accordingly, inadequate
knowledge is characteristic of the proposed stage1 of the proposed model.
The cost benefits and value for money are factors, which respondents seem to be certain about,
as the gains for deploying cloud computing. Currently, e-Government services are utilised by
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staff through tax compliance and other statutory services, which are mandatory obligations of the
citizens to the Government.
It is therefore clear that citizens are ready to consume cloud services once the Government
deploys them, going by the rate of consumption of the currently available few Government cloud
services. The initiative must be from the Government side. Guiding the Government on how to
go about adoption of cloud computing in e-Government implementation will therefore provide a
big solution to the current e-Government status.
It is evident that there is no sufficient knowledge in the public to enable them make decisions on
cloud computing adoption. Cloud computing is “just a type of outsourcing in IT which offers
interesting technical environment”. Despite of the inadequate knowledge, the respondents are
confident that cloud computing would increase efficiency in e-Government service delivery.
However, respondents are concerned about security, privacy and vendor lock in once the cloud
computing is adopted for e-Government implementation. This scenario provides a fertile ground
for systematic deployment of cloud computing. The staff have a positive attitude towards the
cloud, despite of the few concerns, which are adequately addressed by the cloud computing
adoption stage model provided in this study.
Currently, data storage and email/messaging are the major cloud based services enjoyed among
the e-Government services. There has never been a formal discussion at the Government level on
how and when to adopt cloud computing in offering e-Government services. It is very clear that
the Government has never enlisted the stages and cycles involved in implementation of cloud
computing in e-Government.
From the stage model presented, SaaS is identified as the service model component at the initial
stage of the model. The findings confirm the same because the current cloud based services in
use are SaaS based. It is expected that the cloud adoption will take place in progression despite
of the current status.
The little cloud services utilised in e-Government are majorly owned by private vendors, only
some Government agencies own a small proportion of the cloud services utilised by the
Government. For this to happen, respondents were very clear that security, legal and cloud
computing market knowledge and expertise were critical. Out of the findings it is evident that
there is no structured way of adopting cloud computing in e-Government implementation.
Discussion
Different audiences know cloud from different perspectives. As organizations across public and
private sectors understand cloud computing, they are looking to act and deploy cloud solutions.
Some have made significant progress in their journey to cloud and others are just about to start,
though mostly under personal initiatives. They offer tenable insights into what makes a
successful cloud program and the required competencies.
From the data gathered, there is a clear revelation that cloud computing is the way to go on
implementation of e-Government Services. This is due to the positivity expressed by majority of
the respondents. Financial and economic benefits of cloud computing are very clear and
immense. The only challenge is the best way to adopt the cloud service. The responses clearly
show that the Government sampled has never communicated to its ICT technical staff on cloud
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policies let alone the adoption methodology. Staff only apply cloud solutions under own
initiatives or to close gaps in the short run.
From the respondents it is also clear that cloud solutions in place are not intended to benefit the
citizens, businesses or other government agencies but just for in house operation convenience,
despite of electronic government being strategic in Government operations.
The respondents have demonstrated positive attitude but are limited in understanding of the
cloud deployment. This reveals that the cloud business in Government service is still at infant
stage. The status provides a perfect opportunity for the government to guide the implementation
process, by avoiding pitfalls or chewing more than enough hence slipping back to the ground.
Establishing the status would be the first thing to do, and by the research results presented in this
study, much more may be built on it. This study confirms the observations made in literature
review that in practical application, e-Governments has a long way to go in fully adopting cloud
computing in its service provision initiatives. This confirms the importance of the stage model
developed in this study. The model shall provide guidance in implementation of cloud computing
in e-Government services.
A STAGE MODEL FOR CLOUD COMPUTING ADOPTION IN E-GOVERNMENT
This chapter presents the four stages of the stage model for cloud computing adoption in eGovernment. The key differences between the stages are also discussed. The model is then
evaluated using focus group.
Similarly, for e-Government to adopt cloud computing in its implementation, there has to be a
defined approach. This will be achieved by first identifying the stages so involved in relation to
existing models. Service model shall be used in this case. At the initial stages of adoption of
cloud computing some organizations implement solutions which only address specific needs. As
the system grows, a structured way of addressing cloud solutions has to be developed. In the
later stages, the cloud adoption process has to be driven by policy, especially when so many
players are in place trying to claim space as users as well as clients.
As presented in Figure 18, the proposed model consists of four stages, Ad-hoc e-Government
solutions (Stage 1), Cloud based public services (stage 2), e-Government clouds (stage 3) and eGovernment cloud policy (stage 4). The horizontal axis represents the degree of cloud computing
adoption in e-Government, and the vertical axis represents the organizational and technological
complexity of the solutions included in each stage.
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Figure 18: A Stage Model for Cloud Computing Adoption in e-Government
Different agencies or public organizations in a country may use cloud computing in various ways.
The stage model provides a guide into how e-Government can systematically adopt cloud
computing against the already existing models. From the known service model, a Government
entity can evaluate the level of adoption depending on the services they are already utilising
(Zhang, 2010). As such, in relation to the cloud adoption model, they are able to establish their
level of adoption. Out of which they can systematically adopt cloud computing in e-Government
processes as guided by the stage model.
Table 1 highlights the main differences between the stages of the model, which forms the basis
of the model as shall be discussed in the subsequent headlines.
Table 1: Main differences among model stages
STAGES
VARIABLES

Stage 1

Stage 2

Adhoc e-Government Cloud-based
cloud solutions
public services

Stage 3

Stage 4

e-Government
cloud(s)

e-Government
cloud policy

Type of services

Internal agencies

External (citizens Internal
and businesses)
external

Provider

Individual vendors

Individual vendors

Main change in

Procurement
services
Government

of

Government

and Internal
external

and

Government
and individual
vendors

IT Provision
of Architecture of Government IT
for public services
e-Government
strategy/Policy
systems
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Service Model SaaS
adoption

SaaS/PaaS

PaaS/IaaS

IaaS

Stage 1: Ad-hoc E-Government Cloud Solutions
At this stage, agencies or public organizations use cloud computing only for covering their needs
in IT resources and enhancing collaboration with other agencies, and not for providing digital
services to citizens or businesses. Due to absence of Government Cloud(s), the cloud services
(SaaS) are entirely provided by individual vendors. In the absence of an official Government
policy, each agency decides how and to what extent it will use cloud services on its own. For this
reason, adoption of cloud computing in this stage is very erratic. With no central guidance or
clear familiarity with cloud computing adoption concept, there are few agencies that use cloud
computing. Much of it is on trial and error basis. Thus, the degree of adoption in this stage is
very low. The organizational complexity of this stage is low, considering that the change that
happens is internal and limited. As for the technological complexity, the organization continues
to operate with little technological change. The provision of cloud services is considered as a
form of outsourcing. For this reason, the degree of engagement is very low and the agencies can
revert to the previous modes quite easily. The low degree of adoption combined with the low
technological and organizational complexity places this stage at the bottom of the hierarchy.
An example of this stage would be the implementation of the “Government to Cloud” or
“Government to Cloud to Government” business model proposed by Deussen et al. (2011). A
more tangible example that belongs in that stage is the case of “Apps.Gov” portal of US
Government. Although in that case there was an involvement of the central Government, the
agencies were the ones that decided whether they would use cloud services for their internal
operations and which services they would procure. The fact that the portal was closed in
December 2012 is consistent with the low engagement, which characterizes this stage. It further
shows that this kind of initiatives alone are not enough for the consolidation of cloud computing
in e-Government.
Stage 2: Cloud- based Public Services
At this stage, cloud computing is used by agencies and municipalities in order to provide digital
public services to citizens and businesses. The public services are based on Software as a service
(SaaS) and partly Platform as a Service (PaaS) models provided by individual vendors. The
decisions related to cloud computing are made at agency or municipal level. The degree of
engagement is still low since the Government holds also in this stage only the role of the
customer of cloud services, but the fact that there are more stakeholders (citizens and businesses)
in this case makes the return to the previous state more difficult. This is the stage where cloud
computing can promote Open Innovation and Open Data Initiatives (Charalabidis et al., 2011).
Since cloud solutions that appear at this stage are more sophisticated and are not limited to use of
SaaS or storage services, there is an increase in technological complexity. Organizational
complexity is also increased due to the use of cloud computing for interaction with citizens.
Furthermore, the decision to deploy PaaS solutions for providing e-Government services implies
a higher degree of awareness of cloud computing on the part of Government officials. The cloudbased platforms for e-Government services that have been proposed in literature (Charalabidis et
al., 2011) require the active participation of organizations’ administrators in the designing
process of the services. This involvement of agencies’ personnel should result in further
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familiarization with cloud computing and make agencies more active in using it largely. It should
also not be forgotten that the presence of agencies in a Government that deliver public services
through PaaS, does not prevent the existence of agencies whose cloud use falls into the first stage.
Therefore, the degree of adoption for Governments that have reached the second stage is higher
than the first stage.
The increase in both organizational and technological complexity, and degree of adoption that
occurs in this stage places it above and to the right of the first stage. The business models
“Government to Cloud to Enterprise” and “Government to Cloud to Citizen” suggested by
Deussen et al. (2011) describe possible examples that fall into this stage. Moreover, as was
discussed in the Case Studies section, the City of Edmonton in Canada has already used cloud
computing platform in order to offer census data and other public information online. This
confirms that Platform as a Service (PaaS) model is suitable for the second stage of cloud service
adoption in e-Government service delivery. It therefore provides a perfect synergy for integrating
the second stage of the model under discussion.
Stage 3: E-Government Cloud(s)
The main change in this stage is the development of one or more Government clouds. The
private clouds can belong either to the central Government or more often, to agencies or
Government organizations. They are used in order to replace the former e-Government
information systems that the organization probably had and can support the provision of both
internal and public services. The fact that a private cloud offers more security and control than
the other deployment models may encourage the organization to use cloud computing more
broadly. There are also some cases where the agency handles sensitive Government data and the
development of its own private cloud is the only way to adopt cloud computing. The turn of the
Government from customer of cloud services to owner of a Cloud, increases the organizational
complexity along with the degree of engagement. Although it is not impossible in theory to quit
the use of cloud computing in the future, it is highly unlikely that the organization will leave its
own cloud to turn again to traditional computing.
While a third party can operate a private cloud, in practice the public organizations choose to
build an on-premises cloud. This can be attributed either to their distinctive security requirements,
or to the fact that Government organizations usually have their own data center and want to
utilize its resources. A lot of technological changes take place in this stage, with the
virtualization of the data center being the most significant. The organization is also responsible
for the security of the virtualized data center, so technological changes will probably occur in
this field too. These changes, which are not found in the previous stages, increase the
technological complexity of this stage.
A typical example of a Government cloud is the Open-Gov Private Cloud of Greece Government
that accommodates various applications of e-Government. At the agency level, the cases of US,
DoD and NASA illustrate how cloud computing can be incorporated in public organizations with
special needs in terms of security and control (Zhang, 2010).
As the above examples indicate, private clouds are usually developed either by large public
organizations that their considerable needs in IT resources justify such a decision or by
Governments that intend to use cloud computing for hosting their central information systems
but they want to have the control of the IT resources they use. (Frost & Sullivan, 2011) In either
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case, the Government or organization will have to follow an organized approach or strategy in
order to move its information systems to a cloud environment. The US DoD’s Cloud Computing
Strategy presented in literature review is such an example (US DoD, 2012). The degree of
adoption in this stage is higher than the previous due to the organized effort and the number of
agencies that Government may have.
Stage 4: eGov Cloud Policy
At this final stage cloud computing adoption is fully supported by the central Government of a
country. While in the other stages the use of cloud computing is usually a result of individual
initiatives of agencies and municipalities, here the central Government promotes cloud adoption
in e-Government through policies and roadmaps.
The coordinated effort for integrating cloud computing in e-Government at this stage results to
high degree of engagement. A strategy is developed to facilitate cloud deployment by all
departments/Agencies. In addition, the Government encourages smaller agencies and public
organizations that have not developed private clouds to procure cloud services from individual
vendors, by establishing a cloud marketplace for public sector. In that way, the quality of cloud
services is ensured and the procedure of IT procurement is easier for agencies. Successful
initiatives in this stage lead to the highest degree of adoption for a Government.
The diffusion of cloud computing in the whole e-Government system of a country raises also
complexity since the organizational changes that happen are significant. At this point, the change
of mindset from assets to services occurs (Kundra, 2011). In contrast to the previous stages, the
change here refers to the IT culture of the Government. The Government should also take steps
in order to resolve the legal issues that according to several scholars (Clemons & Chen, 2011;
Hada et al., 2012; Macias &Thomas, 2011b; Zissis & Lekkas, 2011) hinder the adoption of cloud
computing in e-Government.
Another important issue that should be resolved in this stage is the absence of standards.
According to the recommendations of NIST (2011b), cloud computing standards should be
developed and used widely from Government agencies to support Government’s requirements
for interoperability, portability and security. In the previous stages, cloud computing is adopted
for covering the needs of individual public organizations or central Governments and the related
decisions do not affect other organizations or agencies outside of organization’s/Government’s
direct authority.
In this stage, for the diffusion of cloud computing in the whole Government, standards are
necessary to ensure the interoperability of the different information systems. The development of
technological standards characterizes the technological complexity of this stage.
CONCLUSIONS AND SUGGESTIONS
As the research related to the use of cloud computing in e-Government started quite recently, the
number of studies published in this topic is relatively limited. This research presented an
extended literature review in order to promote further research in the topic, by mapping the areas
in which scholars have already published studies and identifying the areas that are still
unexplored. The conceptual model that is presented in indicates the main areas of current
research, which are: the examination of suitability of cloud computing for supporting e60
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Government, strategies for adopting cloud computing successfully and implementation of cloud
solutions in e-Government. While some sub-areas have drawn the attention of many researchers,
such as the identification of benefits and risks of cloud adoption in e-Government and the
development of cloud architectures for e-Government, other sub-areas clearly need further
research. The frameworks and models that have been proposed so far obviously do not cover all
needs of Governments. The discussion about open data has been intensified lately, so further
examination of how cloud computing can promote open data initiatives would be welcomed. The
development of secured cloud architectures for e-Government is also important, since security is
one of the main challenges in cloud adoption by Governments. About the question of whether
cloud computing should be used in e-Government, the unique characteristics of each case should
be taken into consideration. The research drew attention to the following issues:
Governments should take steps towards standardizing and ensuring quality of services.
Although the general migration strategies that have been presented can be applied almost in any
situation, it is advisable that each agency develops a strategy that covers its own requirements.
Cloud computing will bring about changes in the way some services are delivered. The
stakeholders should be properly informed in order to accept these changes.
The case studies examined in answered the question about the ways that Governments around the
world deploy cloud computing for supporting e-Government. The analysis of the cases showed
that the complexity of the cloud solutions and the extent to which these are applied in eGovernment system, differ from country to country. This finding, in conjunction with the
different aspects from which the topic has been viewed in literature, led to the proposal of a stage
model that classifies the different levels of adoption.
The stage model, which was the main objective of this study, was developed from the basis of
literature review, relying on what players in the market are offering and improving on the same.
Again, the model concept is drawn from other frameworks and models already in application.
After analysing them the gaps identified which what informed this model.
From the primary data from Machakos county government, the ideas from literature were
confirmed out of the responses from the ICT county officers. From the same, it was established
that the levels of adoption are related to perceived benefits, risks and knowledge available to
guide decision making. The stage model on adoption of cloud computing in e-Government
implementation therefore comes in handy to inform governments on several aspects about cloud
adoption and stages involved.
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Abstract
Machakos County has the need for renewable energy access due to its rapid industrial
development, growing population, higher living standards and rural electrification. Wind-solar
hybrid off-grid system has therefore been proposed for small scale energy production suitable for
Machakos County rural areas. This paper presents the solar photovoltaic (PV) potential
assessment results and a survey done to investigate the levels of energy use, and economic
potential of the energy consumers in three rural zones adjacent to Machakos town. Assessment
of solar PV potential was done using the Photovoltaic Geographical Information System
(PVGIS), a tool that gives access to PV performance and solar radiation patterns for a period of
over 10 years. Monthly variations in energy output and solar irradiation were investigated at a
fixed angle of Inclination of 10o , Azimuth angle of −180� , latitude and longitude of 1.531 � S
37.262 � E, and an altitude of 1623 m above sea level. Measured values of Global Horizontal
Irradiance from the site using MS-602 pyranometer were used for comparison. Yearly average
PV energy production and yearly in-plane irradiation were determined as 1740 kWh and
2130 kWh/m2 at an installed capacity of 1kWp. This yearly average energy value was used in
sizing of the solar panels and battery capacities required for the wind- solar hybrid system
installation. The End-use method was used to determine the energy utilization levels in the rural
homes where a questionnaire with a sample of 100 households per zone was used for data
collection. The questionnaire items included household income, average month electricity bill,
power rating of appliance used, house hold size and daily use time of each electrical appliance
collected via end-use method. The energy load demand was 782.7 kWh, 841.2 kWh and 620.02
kWh per day for zones A, B and C respectively. Demand per household differed depending on
household size and the appliances present. The household’s peak energy consumption was 9.09
kWh and a minimum of 0.052 kWh per day. The average energy demand per household was
2.429 kWh, 2.26 kWh and 2.347 kWh in the three zones respectively. Monthly income and daily
load demand profiles were plotted to investigate the energy use patterns and the economic status
of the energy consumers in the three zones.
Key words: Solar PV Potential, PVGIS, Energy Load Demand, Wind-Solar Hybrid, Renewable
Energy, Rural Electricity Consumption, Machakos county rural energy load
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INTRODUCTION
Solar PV
The world level of energy consumption is rapidly increasing creating a high demand for energy.
This exponential rise in energy demand attributed to the growing population, urbanization and
industrial developments, rural electrification and the rise in people’s living standards [1]. With
the country’s vision of industrialization by the year 2030, new approaches to energy generation
are paramount. In Kenya, energy is mainly from electricity (9%), petroleum fuels (22%) and
biomass (68%) [2]. In the rural areas, most of the conventional sources of energy used highly
impact negatively to the environment and life due to the hazardous emissions that lead to
pollution and global warming [3], [4], [5], [6], [7], [8]. This trend can be reversed by diversifying
ways of energy sourcing, attracting the use of inexhaustible and friendlier renewable energy
sources [9]. Modern sustainable technologies of energy harvesting from renewable sources like
wind and solar need to be embraced to support and enhance energy self-sufficiency in both urban
and rural areas [2]. To help in renewable energy development in rural areas, a wind-solar hybrid
micro-off grid system has been proposed and developed. Solar and wind are two intermitted
sources which are highly site specific [10]. Successful deployment of the hybrid system required
solar PV resource assessment, wind resource assessment and the energy demand assessment.
This paper reports on the solar PV assessment and the energy demand assessment for the three
selected zones in the county. Solar PV energy is enormous than other sources of renewable
energy and its systems have huge capacity to meet the ever increasing demand for energy [11],
[12], [13]. Irradiance is the solar power density incident on an area from the sun [14]. The
percentage of solar radiation reaching the earth’s surface is greatly depended on meteorological,
spatial, temporal, global and local factor which need to be accounted for when assessing its
potential [15]. Kenya extends four degrees either side of the equator and as a result its locations
receive a large amount of solar radiation. Assessments show that Kenya has abundant solar
energy resources with a daily average solar insolation estimation of about 4-6 kWh/m2, one of
the best for solar energy production in Africa [16], [17]. In Machakos County, the three sites in
this study lie adjacent to Machakos University which lies approximately 1.5310S 37.2620E and
therefore their location suits them for a vast potential of solar energy generation. Areas within
the equator have the sun directly above them therefore not significantly affected by the sun’s
declination angle. An ideal tool thus has to be sought that will accommodate all these factors.
PVGIS used in estimating solar PV potential in this work is a solar-based online tool that has
been used in the world to estimate PV production potentials [18]. The database in the tool was
developed by use of solar radiation model r.sun [19], [20], [21]. This models approximates
diffuse and reflected components of clear-sky and global irradiance for horizontal or slanting
surfaces for a selected site within the whole of Africa, parts of Europe, America and Asia. Solar
PV potential assessment was done in Nigeria using databases with monthly means of daily
isolations from NASA meteorology and solar energy [22]. The analysis showed that the sites
have a PV potential of over 1000 kWp/kWp. A study done in Lisbon suburb using LiDAR data
and ArcGIS reported a PV potential of 11.5GWh per year at 7 MW installed capacity [23].
Other studies have been conducted elsewhere to determined PV energy production potentials by
use of PVGIS and Global Horizontal Irradiance as well as r.sun solar radiation model [24], [25],
[26], [27].
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The sun and the earth are two hot bodies at different temperature levels producing radiations at
different wavelengths and energy affecting the amount of solar PV energy harnessed in day time
and at night. Both solar and terrestrial radiations from the two bodies are governed by radiation
laws. According to the inverse square law given by equation 1.1 [28], the intensity of radiation
becomes weaker as it spreads out from the source. Solar intensity reaching the earth is weakest
when the sun is furthest and highest when near,
I=

S

[1.1]

4πr2

where S is the source strength and r is the distance from the source.
Wavelength and energy of emitted radiations are functions of absolute temperature. This is
explained by the Wien’s and Stefan-Boltzmann laws of radiation given by equation 1.2 and 1.3
[29], [30]. From Wien’s law more energetic short wavelengths are emitted at high temperature
whiles according to Stefan-Boltzmann law, energy radiated per unit area is directly proportional
to the fourth power of absolute temperate. This explains why energy is at its optimum at midday
when temperatures are highest during the day and the equinox for areas near the equator,
���� =

�

[1.2]

�

where b is the Wien’s constant and T is the absolute temperature,
� = ����4

[1.3]

where A is the surface area, is the Stefan-Boltzmann constant, e is the emissivity and T is the
absolute temperature
Solar radiation reaching the earth’s surface is depended on environmental conditions, period of
the day, local features, ecological and biological processes, peoples’ activities and inclination of
the surface. In solar PV technology the variation in amount of insolation falling on a panel also
differs depending on sun’s position which is a factor of declination angle, latitude angle, zenith
angle and azimuth angle, and sun’s angle of elevation. Latitude ( ∅ ) is the angle that on the
equatorial plane south or north of the equator. It varies from -90o and 90o. [31]. Declination
angle(�) is the angle of tilt with respect to the earth’s orbit around the sun ranging from -23.5o to
23.5o depending on the month and season of the year. Declination angle can be determined using
equation 1.4 [31], [32]
� = 23.5 ���

360 284+�
365

�

[1.4]

where n is the day of the year starting from January 1st.
Zenith angle (�� ) is the angle between the vertical axis and the suns position 90o on horizontal
plane and 0o at noon. This can be calculated by equation 1.5 [33],
����� = �������∅���� + �������∅

[1.5]

where � the hour angle is determined using equation 1.6 [31], [32],
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� = 15(�� − 12)

[1.6]

where �� is time of the solar in hours.

Solar azimuth angle ( �� ) is the angle between the direction of due South and that of the
perpendicular projection of the sun down onto horizontal line ranging from 0o to -180o. Azimuth
angle in the northern hemisphere is south oriented whiles in the southern hemisphere is north
oriented. This angle can be calculated using equation 1.7[33],
����� =

1

���AZ

cosδsin∅cosω − sinδcos∅

[1.7]

Sun’s angle of elevation ( � ), the angle between the horizontal plane and the sun is the
complement of zenith angle 90o and can be determined using equation 1.8 or 1.9[33],
� = 90 − ��

sinα = cosδcos∅cosω + sinδsin∅

[1.8]
[1.9]

Rationale

Energy is vital for sustainance of any rural and urban development in the country. It is therefore
necessary to ensure a balance between the energy demand and the energy supply [34], [35]. A
solution thus lies in optimizing energy by use of alternative sources of energy from renewable
sources [36]. Energy load demand in a region is variable with time and the standards of living of
consumers. Methods of energy generation and energy systems ought to be reliable to meet the
rising load demand. Energy load demand assessment is thus a necessary activity in deployment,
planning and installation of energy generation and distribution systems [37], [38], [39]. Energy
demand evaluation done in Kikwe Village in Tanzania reported a village daily load of 757.024
kWh with a peak load of 56 Kw and a minimum of 5 kW [37]. Rural and urban household
energy demand analysis studies were done in Pakistan simulated using 2010 data as the base year
by use of LEAP model. This reported a demand of 25GWh extrapolated to 170000GWh by 2036
[34]. [40] Assessed domestic energy demand of coastline of Niger Delta in Nigeria. HOMER
hybrid optimization software was used to estimate the demand for determining the best PV
system reporting a daily load demand estimate of 5.640 kWh. By 2015 installed capacity of
Tanzania was 1129 MW which was not enough to serve both rural and urban areas due to high
consumption rate [41], [42]. Sparse demography is one of the factors that hinder national grid
development in rural and semi urban areas making it costly to set up [43], [44], [44]. This makes
renewable sources like wind and solar promising in creation of energy access to consumers [46],
[17].
MATERIALS AND METHODS
Successful design and development of a suitable renewable energy system requires investigation
and analysis of the critical parameters that determine the amount of solar radiation reaching the
earth’s surface. In solar PV assessment factors such as latitude and longitude of the selected site,
solar declination angle, PV module, and orientation and inclination need to be investigated to
enable optimum solar harvest from the available insolation.
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Solar PV Estimation using PVGIS
A typical hardware setup to estimate PV potential for energy production in a site entails data
logger, solar PV modules and sensors. The online simulation software was used to determine the
various parameters of the solar PV system at Machakos County. Depending on the input
parameters it estimates the daily and monthly irradiance, yearly PV energy yields, yearly solar
in-plane irradiance and the total system losses [27]. The simulation was done through the
following steps
Step 1: Start the PVGIS online simulation
Step 2: Choose the data base- PVGIS-CMSAF.
Step 2: Enter the latitude and longitude of the zones A, B and C.
Step 3: Choose the PV technology- Crystalline Silicon
Step 4: Enter the systems installed capacity – 1kWp
Step 5: Enter the system loss allowance- 5%
Step 6: Choose the azimuth, the orientation angles and tracking option 10o and -180o respectively.
Step 7: Run the simulation. A report is produced containing all the required solar PV parameters
at a specific site.
The three complements of solar energy conversion technology obtained from the simulation
include the global horizontal irradiance (GHI) measured using unshaded pyranometer, diffuse
horizontal irradiance (DHI) measured using shaded pyranometer and direct normal irradiance
(DNI) measured using pyrheliometer [47]. DNI is the available radiation at about 5o view on a
surface normal to the sun, DHI is the scattered radiation from the sky while GHI is the sum of
DNI and DHI components given by equation 2.0 [48],
GHI = DNI cos θz + DHI

where �� is the zenith angle.

[2.0]

Solar irradiance was also measured by use of MS-602 model pyramometer mounted at 20 m
above the ground level to avoid shading effects from building and trees. The sensor was
connected to a data logger set to capture the irradiance values at a frequency of 1Hz. figure 1 and
2 show the plates of the solar radiation sensor and the data logging system used.
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Plate 1: MS-602 Pyranometer used to measure GHI at the site

Plate 2: Data logging system
Energy load demand estimation
Primary data was collected by use of a suitable questionnaire designed to capture all parameters
of energy consumption and the information on household’s status. A survey was undertaken to
assess the electrical energy load demand in the villages contained in each of the three zones A, B
and C which contains 300 households on average. A sample of 100 households was used to
investigate the load pattern in each zone and projection of the demand for the whole zone.
Interviews were conducted for 20 days in rural homes, schools, shopping centers and the
sampled households per zone to make a good judgement of the electrical appliance used,
installed source of energy, household size, monthly income and the time of used of each
electrical appliance per day. The common household’s loads in the three zones were phones,
bulbs, TV sets, radio, heater, iron box, hoofers, hair drier and blenders. A few households
contained appliances like fridge, oven and cookers which consume slightly higher energy.
Daily totals, averages load requirements per zone were determined by use of equations 2.1 and
2.2 respectively,
������ =

� �
� �
�

[2.1]

where E is the energy, P is the power rating of the appliance, k represents an appliance, t is the
time of use and N is the number of appliances,
1

�� = �

�

� �
� �
�

[2.2]
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where �� is the daily average value per zone, �� is the total number of households per zone.
Energy load demand and monthly income profiles were plotted which gave a good pattern of the
energy consumption and economic status of the inhabitants in zones A, B and C.
RESULTS AND DISCUSSION
Solar PV
Solar PV assessment results were analyzed and profiles generated using the PVGIS software.
Figure 1(a), 1(b), 1(c) show the hourly range of global, diffuse, direct clear sky irradiance in
Machakos sites compared monthly. Table 1 and 2 show the distribution of GHI, DHI, DNI at real
sky and clear sky both at fixed plane and tracking option. Comparatively irradiance is higher
when tracking option is used since the sun rays are always normal to the plane of the PV module.
Table 1: Daily average Peak Values of GHI, DHI, DNI and CSI at Fixed Plane
Month

GHI(W/m2)

DNI(W/m2)

DHI(W/m2)

CSI (W/m2)

January

898

682

215

1040

February

969

749

219

1100

March

965

719

244

1140

April

906

626

279

1130

May

741

434

306

1090

June

638

326

311

1070

July

619

310

308

1080

August

649

325

324

1120

September

853

596

256

1120

October

882

609

273

1080

November

817

549

267

1030

December

812

575

245

995

Table 2: Daily Average Peak Values of GHI, DHI, DNI and CSI at PV tracking
Month

GHI(W/m2)

DNI(W/m2)

DHI(W/m2)

CSI (W/m2)

January

1030

800

222

1190

February

1030

807

223

1180
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March

973

723

250

1150

April

908

631

274

1140

May

770

464

301

1120

June

660

347

307

1120

July

621

318

297

1120

August

650

326

321

1130

September

867

611

255

1130

October

915

628

285

1140

November

918

663

245

1160

December

946

681

258

1170

Figure 1(a) and (b), 2(a) and (b), and 3(a) and (b) show the daily average irradiance profiles at
fixed plane and tracking option in the March, October and June when maximum and minimum
PV output is expected.
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Figure 1(a) and 1(b): Fixed plane and tracking daily average irradiance in March

Figure 2(a) and (b): Fixed plane and tracking
daily average irradiance in October

Figure 3(a) and (b): Fixed plane and tracking daily average irradiance in June
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In the month of January to March and September to December, the peak global irradiance
received is between 900 - 1000 W/m2 and 850 - 900 W/m2 respectively while in June and July
638-619 W/m2 is received at fixed plane. Machakos region being near the equator experiences the
four season’s summer and Winter solstice and the equinox (vernal and autumnal). Daily solar
intensity is maximum during the equinox in March and September when the earth rotates with
the equator in line with the suns central plane.
Data analysis of measured solar irradiance values was done for comparison with the PVGIS
simulated values. The data was tabulated on hourly and daily basis with the peak and average
irradiance values. Table 3 shows the experimental average and peak GHI values in the month of
March. Hourly and daily solar irradiance profiles were plotted to show the solar insolation
pattern in Machakos. Figure 4 and 5 show the hourly and daily solar irradiance profiles.
Table 3: Hourly mean and peak solar irradiance
Hour

Average GHI

Peak Average GHI

Peak GHI

(W/m2)

( W/m2)

( W/m2)

6-7 AM

8

58

100.3

7-8 AM

200

384

509.4

8-9 AM

435

659

973.3

9-10 AM

673

898

1049.6

10-11 AM

824

1121

1478.1

11-12 PM

918

1208

1518

12-1 PM

958

1228

1555.8

1-2 PM

904

1140

1383.3

2-3 PM

757

1035

1204.3

3-4 PM

597

816

1032.3

4-5 PM

387

578

692.7

5-6 PM

174

306

423.2
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Figure 4: Hourly mean and peak solar irradiance

Figure 5: Daily mean and peak solar irradiance
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Machakos receives solar insolation up to a maximum peak of 1555.8 W/m2 with peak average of
1228 W/m2 at noon during clear sky. Shading effect due to clouds reduces the hourly average
peak to 958 W/m2 which is still high at suitable for optimum solar PV energy harvest. Solar
radiation was analysed on daily basis for 31 day. Peak solar insolation in Machakos lies between
1000 W/m2 and 1600 W/m2 and 400 to 600 W/m2 as a result of cloud shading effect. This shows
the huge daily and monthly solar PV potential Machakos County has.
Figure 6 shows the path of the sun and the solar window for Machakos county zones form June
21st to December 21st. The sun shines directly above the equatorial zones with a solar window of
12 hours between 6 am and 6 pm. In this zone the sun’s declination is 0o and the radiation covers
the shortest distance to reach the earth and from the laws of radiation the intensity of radiation is
maximum, the earth surface if more hot than other seasons. Therefore, during the equinox the
earth receives higher insolation which gives maximum solar PV energy at midday.

Figure 6: Sun path diagram for Machakos zone.
Due to its revolution in an elliptical orbit the earth experiences four seasons. During the Winter
solstice the sun is at its shortest distance from the earth approximately 1.47 × 1011 m. The sun
shine is at a declination angle of -23.5o directly on the tropic of Capricorn in the southern
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hemisphere maximum in December 21st. This increases the solar intensity for all the regions in
the southern hemisphere like Machakos County. In June and July, the earth experiences the
summer solstice and at the furthest distance from the sun, approximately 1.52 × 1011 m . The
sun is high up shining directly at the tropic of cancer at a maximum declination angle of 23.5o.
Solar intensity is high at northern hemisphere and low in southern hemisphere. This makes
Machakos zones register low daily irradiance. Solar irradiance compared between azimuth angle
of 10o simulated and analyzed. Figure 7 show the simulated monthly output values of irradiance
at fixed angle. The simulated annual in plane irradiation at Machakos was 2130 kWh/m2. This
tilt makes the sun more direct to the panel than when in horizontal orientation

Figure 7: Monthly in-plane irradiance at fixed-angle solar PV system
The first and the last four months of the year have higher during the equinox and the winter
solstice. The average monthly peak values are 213 kWh/m2 and 193 kWh/m2 in March and
October. Yearly PV energy production was also investigated at 10o of panel tilt. Figure 8 show
monthly energy output profile. Machakos region has a potential of producing an annual solar PV
energy of 1740 kWh. The months when the sun is closest to the equator have a higher energy
potential on average compared to months summer solstice months when the sun is furthest from
the equator. The month of March has the maximum average potential of 170 kWh while June
and July have the minimum potential of 123 kWh and 122 kWh respectively.

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

Figure 8: Monthly average energy production at fixed angle solar PV system

Load Demand
Daily energy load estimates, installed PV capacity estimates, PV module estimates and the
battery storage capacity estimates per zone were tabulated as shown. Table 4 shows the loads
estimates in zone A, zone B, and zone C.
Table 4: Daily Energy load demand estimates
Zone A-4.3 sq.km

Zone B-4.2 sq.km

Zone C-4.9 sq.km

Whole Zone

782.7 kWh

841.2 kWh

620.02 kWh

Average per household

2.429 kWh

2.26 kWh

2.347 kWh

Max household

9.09 kWh

5.37 kWh

7.844 kWh

Min household

0.24 kWh

0.052 kWh

0.135 kWh

Zone B is comprised of four villages and therefore has the highest daily load of 841.2 kWh while
C has the least. On average Zone A consumes more energy per house hold compared to the other
two zones. Peak household consumption was determined as 9.09 kWh in zone A and a minimum
household energy consumption of 0.052 kWh. Table 5 shows the calculated installed capacities
up scaled by a factor of 30% to cater for the system losses.
Table 5: PV System capacity Estimates

Whole Zone

Zone A

Zone B

Zone C

213.45 kWP

229.4 kWp

169.08 kWp
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Average per household

0.6624 KWp

0.6163 kWP

0.64 kWP

Max House Hold

2.479 KWp

1.4638 kWP

2.139 kWP

Min House Hold

0.0654 kWP

0.014 kWP

0.037 kWP

The energy peaks were calculated using equation and the PV yearly energy production of 1740
kWh per kWp simulated using the PVGIS. Table 6 shows the estimated solar Modules based on
the upscale solar peaks in the three zones. Canadian solar panel with an output power of 350 W
was used in the estimations

Table 6: PV Module Estimate based on simulated annual PV energy production
Zone A

Zone B

Zone C

Whole Zone

610 Panels

655 Panels

484 Panels

Average per household

2 Panels

2 Panels

2 Panels

Max household

8 Panels

5 Panels

7 Panels

Min household

1 Panel

1 Panel

1 Panel

In comparison zone B requires more solar panels to meet the estimated load demand. On average
2 panels would meet the demands in most of the households with a minimum and maximum of 1
and 8 panels in some households respectively. Number of module estimation was also done
based on the month with the minimum solar irradiance if 145 kWh/m2 and 4.6773 peak hours
per day. Table 7 shows the estimated PV modules in the three zones based on peak hours.
Table 7: PV module estimate based on the minimum month solar irradiance
Zone A

Zone B

Zone C

Whole Zone

638 Panels

686 Panels

505 Panels

Average per household

3 Panels

2 Panels

2 Panels

Max household

8 Panels

5 Panels

7 Panels

Min household

2 Panel

1 Panel

1 Panel

The number of PV modules requires is comparatively similar on average and for the households
with maximum and minimum energy consumption levels. Based on the month of June and July,
each of the three zones would require slightly a higher number of panels for solar energy harvest
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to meet the same load demand. The minimum month approach is therefore more suitable in PV
system sizing since the PV system ought to operate normally throughout the year with all solar
insolation variations factored in.
Energy storage battery capacities were also determined using the load demands in table 4.
Lithium ion battery was considered due to its higher depth of discharge of approximately 80%
compared to the lead acid accumulators which of about 50%. Table 8 shows the estimated
battery capacities for the three zones.
Table 8: Battery Capacity Estimate based on the energy demands
Zone A

Zone B

Zone C

Whole Zone

81531.25 AH

87625 AH

64585.42 AH

Average per household

506.04 AH

470.84 AH

488.96 AH

Max household

1893.75 AH

1118.76 AH

1634.16 AH

Min household

100 AH

21.68 AH

56.24 AH

A comparative daily energy load and monthly income profiles were plotted to show rate of
energy use at different hours and the economic status of the consumers in each zone as shown in
figure 9. In three zones the energy use pattern is similar, higher from 1700 hours to 2200 hours
and lowest from mid night to 0400 hours.

Figure 9: Daily load energy demand profile
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High energy demand between 5 pm and 10 pm can be attributed to the fact that most of the
household members are back home from their daily activities and make use of energy more than
other times for the various domestic needs like lighting, entertainment and cooking. Demand is
low from mid night since most of the people are asleep and therefore less energy is used
probably for security lighting. From 5 am energy is used as people prepare to leave for work.
This profile shows that there is no zero energy demand in the selected sites. This justifies the
need for a constant electricity supply in the rural areas of Machakos County.
Economic status analysis was also done and data tabulated and analyzed as shown in table 8 and
figure 10 respectively. Most of the occupants in the rural areas are low income earners with an
average of ksh 15000 per month. This explains why most people in the zones lack expensive
appliances like machines that consume huge amounts of power. Cost of electricity comprises of
acquisition cost, operating cost, maintenance cost and replacement costs which are far beyond
the financial ability of most people. A cheap renewable hybrid power system was therefore more
suitable for energy generation in small scales for the rural zones
Table 8: Households monthly income per zone
Household Monthly Income in Ksh

Zone A

Zone B

Zone C

0-10000

50

44

32

10001-20000

29

28

28

20001-30000

8

17

14

30001-40000

4

7

13

40001-50000

3

3

9

50001-60000

1

0

2

60001-70000

2

1

1

70001-80000

2

0

0

80001-90000

1

0

1

90001-100000

0

0

0

100001-110000
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Figure 10: Monthly income profile

CONCLUSION
The solar simulation and experimental solar assessment results show huge potential of solar
energy in Machakos County suitable for small scale hybrid system installation for PV energy
production. Machakos County has a yearly average solar irradiance of 2130 kWh/m2 with an
average and peak hourly GHI of and 1556 W/m2 respectively. Simulated PV energy production
from these radiation levels gives a yearly average PV energy potential of over 1740 kWh at 1
kW peak installed capacity. Energy utilization assessment show that Machakos county rural
areas consume less energy comparatively due to the type and number of appliances available.
Much energy is used in the evening and at night when people are back home from job. Zone A,
B and C consume 782.7 kWh, 841.2 kWh, and 620.02 kWh per day with a household average
consumption of 2.345 kWh per day. The available solar insolation was used as reference in
estimating the installed capacities and PV system size suitable for rural electrification in
Machakos.

RECOMMENDATION
With the huge solar PV potential, Machakos County has the capacity to support a solar
photovoltaic systems for off-grid electrification.
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Abstract
Interoperability of eHealth systems has been a problem that has been unresolved due to variations in
platforms, protocols, data formats, patient matching criteria and lack of universal patient identification.
Most of the eHealth systems are owned and controlled by individual hospitals and not exposed to other
third parties by choice or fear of losing competitive advantage when they share with other institutions
The popular Personal Health Record (PHR) systems, instead of patient centric, are also institutionspecific, proprietary, expensive and mostly permit patients to collect and enter all their medical
information manually as only few physicians or hospitals submit their medical information
electronically to a PHR. Having a unique patient identifier that is consistent nationwide is the ultimate
solution to patient matching across different healthcare provider’s systems. There is also a need to
manage and avail PHR data anytime, anywhere and to any terminal with patient consent. The data need
to be kept up to date as soon as medical information is available preferably automated upload from EMR
or in real-time from monitoring devices through open APIs. We thus designed an Omnichannel PHR
solution based on Service Oriented Architecture to enable patients to sign up, manage profile and share
medical information through cross platform mobile application, web application and monitoring devices
in real time. IBM’s Service Oriented Modelling and Architecture (SOMA) phases was used to model,
identify, select, implement, deploy and monitor the services in the Omnichannel PHR solution. The
main goal of using SOA was to provide consistent services across all channels, terminals or devices.
This research therefore recommends open APIs using SOA for central identification and management of
personal health records, use of open source technologies and adoption of Internet of Things to collect
vital patient medical information in real-time.
Keywords: Personal Health Record, Omnichannel, SOA, Service Oriented Architecture, mHealth,
IoT, Internet of Things
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INTRODUCTION
Interoperability of eHealth systems has been a problem that has been unresolved due to variations in
platforms, protocols, data formats and patient matching criteria. Even with the availability of a multitude
of message exchange standards, the systems still operate in isolation, with little or no potential to
interoperate due to lack of universal patient identification. Most of the eHealth systems are owned and
controlled by individual hospitals and not exposed to other third parties by choice or fear of losing
competitive advantage when they share with other institutions (Ge, Ahn, Gage, & Carr) . The popular
Personal Health Record (PHR) systems are also institution-specific and have not been concerned with
data interoperability and data protection with other PHR vendors, which explains why there is low
uptake especially in Kenya (Jingquan, 2017). Existing mHealth solutions are proprietary, expensive and
hence unsustainable as patients are unwilling to use and pay for multiple applications which do not share
data with other systems but stand-alone ‘siloed’ applications. As a result, patient records are spread
across different institutions that cannot easily be accessed by patient nor caregivers. According to (Arzt,
2017), a universal identification of patients within a nation would result in a safe and secure exchange of
patient healthcare information since it ensures an accurate, timely and efficient matching of the patient
between different EMR systems, in and out of a healthcare facility. The burden of patient matching and
lack of data exchange falls on the patients who are forced to pay for duplicate consultations, tests,
treatments that were not necessary at all including succumbing to negative side effects of misdiagnosis,
hence the need to establish and implement a framework for patient-centric universal patient
identification and sharing of data. Most of the PHR solutions permits patients to collect and enter all
their medical information manually as only few physicians or hospitals submit their medical information
electronically to a PHR (PharmD, 2016). Therefore, there is need to manage and avail PHR data anytime,
anywhere and to any terminal with patient consent.
The main objective of this research was to implement an Omnichannel Personal Health Record System
based on Service Oriented Architecture (SOA) framework to facilitate patient centered selfcare and
collaboration with health care providers. The specific objectives under the study was understanding
people’s perception on personal health record systems, identifying the current mechanisms of
identifying patients in health facilities, developing a Service Oriented Architecture (SOA) model and
prototype for the proposed Omnichannel PHR System, and finally testing, evaluation and validation of
Omnichannel PHR prototype system developed.
LITERATURE REVIEW
Internet of Things
We are accustomed with internet of people, now we have internet of everything. Internet of Things
refers to network of objects (things) that can sense and share information, with other objects, devices,
machines through specified protocols. IoT encompasses Machine-to-Human communication (M2H),
Radio Frequency Identification (RFID), Location-Based Services (LBS), Lab-on-a-Chip (LOC) sensors,
Augmented Reality (AR), robotics, and vehicle telematics as it exists today (Lake, Rayes, & Morrow,
2018).
IoT devices are quickly evolving and adopted due to its characteristics such as they are typically small
and inexpensive devices that are designed to operate autonomously anywhere, either in the field,
embedded in other devices including human body. IoT’s ability of building “intelligence” into “things”
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differentiates them from the ordinary internet (Keyur & Sunil, 2016) . Such characteristics makes them
suitable for healthcare, manufacturing, finance, agriculture and many other sectors.
IoT architecture consists of interrelated layers of technologies that allows the IoT devices to
communicate and exchange data. The sensors allow interconnection to physical and digital worlds to
collect data in real time. Examples include temperature, pressure, speed, etc. The sensors are small in
size, require low power and need to connect to sensor gateways like GSM and GPRS to transmit data to
physical world.

Figure 1: Internet of Things Architecture
IoT sensor devices produce lots of data and it requires a transport medium to communicate and
exchange the data to the digital world (e.g. a cloud server) via a gateway. Gateway networks include
GPRS, WI-FI, GSM. The network gateways and sensors are attached to a IoT (microcontroller,
microprocessor). Data management service layer provides information access on need basis. This
information can be accessed from other devices such as mobile apps and web applications. It also
ensures that data privacy is ensured and the data is disclosed in the correct format. The application layer
encompasses the end user applications such as the web, mobile and dashboard applications. The data
and functionality is presented to specific consumers of the IoT data such as Agriculture, Health Care,
Supply chain, Energy, etc
Service Oriented Architecture
Service-oriented architecture (SOA) is an approach to designing, implementing, and deploying
information systems such that the system is created from components implementing discrete business
functions called “Services” (Sonic Software Corporation, 2005) that can be distributed across geography,
across enterprises, and can be reconfigured into new business processes as needed. It is an orchestration
of services that interact with each other in servicing a business process in a client/server design approach
(software services versus software consumers/service requesters). It is different from traditional
client/server model in that it advocates for loose coupling of services and autonomy of services. SOA
has key potential desirable benefits not limited to interoperability, reusability, loose coupling and
protocol independence (Pulier & Taylor, 2006) . According to Rosen et al. (2008), SOA divides the
complex organisational environments into smaller functions called services that are designed to do one
thing hence re-usability. The services are exposed using standard Web Services using a Web Service
Description Language (WSDL) that can be consumed by any programming language in any platform
thus realising interoperability and protocol/platform/technology independence.
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The discovery of Web Services and Extensible Markup Language (XML) has been embraced by many
as a defacto integration framework. This led to the adoption of Enterprise Service Bus (ESB) which is
still dominant today despite mushrooming of Micro Services. ESB uses Hypertext Transfer Protocol
(HTTP) web services to expose business services to client systems while at the same time takes
advantage of various existing messaging services like Java Messaging Services (JMS) for routing
requests to and from disparate systems. ESB has been accepted as a single point of integration of
organisation’s business services in a service-oriented architecture (Masava, 2013).

Figure 1: SOA Characteristics
In a Service Oriented Architecture, the business functions are packaged into services which are
consumed by client systems as Web services. The service provider must first register the service in a
service directory. The service consumer will search for the business service in a service directory, bind
and then invokes the web service provider’s endpoint address.

Figure 2: SOA Components
METHODOLOGY
The nature of this research was to address patient data interoperability. Purposeful sampling was used to
select patients or individuals for study. This method is suitable in that participants will be chosen
according to the need of the study. Questionnaires and interviews were the main data collection tools.
Patients (individuals) and healthcare personnel were given questionnaires. The participants were asked
to confirm if they were familiar or had used a PHR and if it was useful to them, and if so, they were also
asked about the aspects of a PHR that would be most helpful in their own care. The sampling frame for
the health providers included 1 health care provider in Nairobi. It also included all patients and
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identified caregivers from hospitals and clinics. Healthcare personnel were also interviewed about the
current patient identification methods and medical data handling processes.
IBM’s Service Oriented Modelling and Architecture (SOMA) phases was used to model, identify, select,
implement, deploy and monitor the services in the Omnichannel PHR solution. Service-oriented
modelling is a phase-oriented process for modelling, analysing, designing, and producing a SOA that
aligns with business processes and goals (Arsanjani, 2004). SOMA was developed by IBM to guide the
design and building of SOA-based application. It consists of seven phases as shown in figure

below:
Figure 4: SOMA Phases
First, a business model was defined, along with a set of templates for each of the possible integration
solutions. Thereafter, the Omnichannel PHR services were idenfied and included in the solution
architecture as required. The services were refactored, rationalized and specified as part of a SOA
architecture while others were deferred for later implementation (out of scope of this research project).
Finally, the critical services were selected as per need and priority, implemented, deployed and
monitored. As soon as the web services were designed and developed, database was designed and the
channels were developed (mobile application, web portal and temperature monitoring device) and they
consumed the deployed web services. At the end of study, the artefacts created included a SOA Model,
Mobile App, Web Portal, Open API Webservices and a temperature monitor (IoT device).
Technology Description
The Omnichannel PHR web services was designed and implemented using the Service Oriented
Architecture and Modelling Methodology phases described in the literature review and methodology
section.
The prototype was designed using open source technologies such as: Java Enterprise Edition (Java EE)
programming language, HTML5 and JavaScript technologies for user interface design, C-programming
for temperature monitoring hardware device interfacing, Tomcat Enterprise Edition (TomEE)
application server, MySQL community edition database, Jasper reporting tools, Linux Operating System
(Ubuntu), Netbeans Integrated Development Environment (IDE), Cross platform Mobile Applications
and Arduino Mega 2560 Board, Ethernet LAN Network and LM35 Temperature Sensor.
The database and third-party integrations functionalities were exposed via REST APIs to end-user
applications and web interface. These services were hosted on Tomcat Enterprise application server.
Representation State Transfer (REST) APIs were chosen for this project over Simple Object Access
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Protocol (SOAP) as they were lightweight, produce human readable results and are easy to build as no
toolkits are required. The message formats were in JavaScript Object Notation (JSON). However, the
backend applications were able to support the various client protocols and message standards which can
be continuously added or removed overtime. Thanks to Service Oriented Architecture and Modelling
(SOMA) and agile software development methodology. Figure 5 illustrates the high level representation
of the Omnichannel PHR solution whereas Figure 6 shows the SOA reference model.

Figure 5:High-level representation of the solution
Agile testing methodology was adopted to allow the researcher fail early. The process was iterative in
the sense that a specified user group (colleagues and friends of the researcher) were given the prototype
to test specific services. It started with high fidelity wireframes for the mobile app. Amendments were
made to the wireframes and the mobile application until the final system was implemented. System
testing was inevitable as it evaluates the system’s ability to fulfil the desired requirements.
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Figure 6: Instantiation of the SOA reference architecture for Omnichannel PHR Solution
RESULTS AND DISCUSSION
The findings of the study revealed that most patients have never heard nor used PHR systems whereas
majority were willing to use it if they are recommended by their physicians. Despite the fact that more
than half the health facilities in Kenya have unique patient identification scheme, they are not
interoperable between hospitals which further hamper medical data sharing among health care facilities.
Post implementation results revealed that data sharing between patients and healthcare personnel
significantly improved by rolling out device agnostic ways (omnichannel systems) where patients and
healthcare personnel (physicians) can share and access medical history using web, mobile or other
platforms. This was facilitated by adoption of Service Oriented Architecture.
In evaluating the proposed prototype’s features for patient medical data recording and sharing, a 5-point
Likert scale was used. On Average, more than 78% of the respondents agree that the PHR features listed
have met their objectives to a large and very large extend cumulatively.
PHR features

no extent small
at all
extent

moderate
extent

large extent

very
extent

Storing illnesses and
0
hospitalizations

0

12

29

59

Storing allergies and
0
adverse drug reactions

0

0

24

76

Storing
medical
0
Prescription record

0

0

18

82

Laboratory test results
0
and image reports

0

6

29

65

Transfer
medical
information to doctors 0
and specialists

0

18

76

12

large

The findings have implications on patient care improvement, lower costs of treatment and reduced cases
of misdiagnosis. Having a unique patient identifier that is consistent nationwide is the ultimate solution
to patient matching across different healthcare provider’s systems. Having centralized storage of PHR
data that is available anytime, anywhere, any terminal and to any healthcare provider with patient
consent is the most effective way of ensuring medical data interoperability across medical institutions.
The data needs to be kept up to date as soon as medical information is available preferably automated
upload from EMR or in real-time from monitoring devices (IoT) through open APIs. The Service
Oriented Architecture was useful in providing consistent services across all channels, terminals or
devices.

CONCLUSIONS AND RECOMMENDATIONS
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The findings of this research study and evaluation of the prototype demonstrated interoperability can be
easily achieved by giving the patients the ability to record their own medical information using different
platforms (web and mobile) without having to carry papers whenever they seek medication. Health care
professionals can assist the patients in updating their profiles whenever they seek medical treatment.
Patients are very cautious about the privacy of their data and were comfortable by having control on
who can read or write their records.
Finally, the Service Oriented Architecture provided integration layer that will facilitate interoperability
of different channels, devices and third-party systems or applications. As such PHR will make data to be
available anytime, anywhere, any terminal over cloud technologies.
As the government of Kenya is working towards rolling out the Kenya Health Enterprise Architecture, it
should consider adopting Service Oriented Architecture. Lessons learnt from the universal identification
of patients using a single source of truth (IPRS) which has been predominantly used by banks, should be
used as well. Implementers of mHealth applications or PHR solutions are encouraged to create solutions
that are able to share data with other institutions and systems (mHealth, EHR) as patients are unwilling
to use and pay for multiple stand-alone ‘siloed’ applications.
Since not all aspects of PHR were implemented (like reminders, medical device integrations, health
insurance, wellness information) future work should focus on these aspects. Future researchers are also
encouraged to implement linkage of existing patient data with PHR systems and also adopt distributed
ledger technologies to improve security and usability of the PHR system. Although Blockchain
technology is still in its infancy, distributed ledger technologies have great potential in solving most of
the healthcare issues especially on data sharing, security and speed of transactions. Private permissioned
blockchain is recommended like IBM Hyper Ledger Fabric.
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Abstract
This paper examines different areas which are the prerequisites of industrialization. It focuses on
the issues of research and innovation as imperatives in industrialization from historical point of
view, the paper utilizes the case study of Tanzania Industrial Research and Development
(TIRDO) as a research institution established for the purpose of advancing industrialization in
Tanzania. The paper focuses on the circumstances which prompted the establishment of the
institution and the purpose for which it was established. The functions and roles of the institution
have been reviewed and dissected from the historical point of view. The successes, challenges
and future prospects have been discussed in line with industrialization. Methodologically the
paper has been designed from historical exploratory design utilizing a case study strategy. The
approach engaged in this paper is that of qualitative nature utilizing both primary and secondary
historical sources to gather information through in depth interviews, oral histories, observation
and intensive archival documentary review. Research instruments such as interview guides and
checklists were designed to facilitate smooth collection of the required data. Most of the
secondary data were generated from libraries at SAUT, MWECAU, UDSM, National Library
DSM, Mwanza Regional Library and Kilimanjaro Regional Library. The findings revealed that
TIRDO was created with very strong ambitions to advance industrialization in Tanzania.
However, the functions of which were marred by lack of commitment and unnecessary
bureaucratic bottlenecks. Budgetary problems and structural organizational inconsistencies
crumbled the smooth functioning of the institution.
Key Words: Industrialization, Innovation, TIRDO, Research, Local industries
INTRODUCTION
The search for new knowledge based on human experience is as old as human society itself. In
all countries, Tanzania inclusive, there has been some form of this search for many years. It all
depends on the society to organize its search into a well thought out, a well planned, and a
purposeful one, which is aiming at conquering problems within its environment in order to
ensure a future healthier, more productive and worth living-in environment. This is a continuous
move, and each move gravitates around previous experiences and observations. This is termed as
organized research, a purposeful search for a new knowledge based upon past experience.1
This paper discusses the position of TIRDO as a research institution to advance science and

1

R. Mazengo, Scientific Research in Tanzania, in Gabriel Ruhumbika, (ed.) Towards Ujamaa: Twenty years of
TANU Leadership, East African Literature Bureau, Dar es Salaam, 1974:147
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technology to support the process of industrialization in Tanzania as well as to achieve
sustainable economic development.2
Conceptually and historically countries have all over the world achieved industrial development
and successful sustainable economic development through investing in research and innovation.
The research centers and institutions are established and well financed to cater for these research
activities. Since the area of research is a sensitive undertaking the political will of those in power
was very important because it was all about national and human security issue. The political
economy of research and innovation is therefore not ideologically free. The colonialists for
example did not engage in researches which were to develop their colonies. Instead the research
centers were mainly to improve their economies such as raw material research based (crops,
minerals and animal researches). It therefore goes without saying that all developing countries
were to make research as one of their priority if they were to achieve industrial progress and
sustainable development.
Tanzania has had some kind of organized scientific research for years. This was done by a
number of isolated research centers owned by the government and the East African Common
Services Organization (later East African Community). There had been achievements in creating
and establishing research centers and later the opening of the University of Dar es Salaam in
1961. The university starting with a Law Faculty and later other faculties including agriculture,
science, medicine and engineering were put in place.
Series of other research centers and institutions continued being established. A number of
technology supporting institutions are already in place, these include: Tanzania Industrial
Research and Development Organization (TIRDO) 1979, Tanzania Bureau of Statistics (TBS),
Centre for the Development and Transfer of Technology (CDTT), Tanzania Industrial Studies
and Consulting Organization (TISCO) Institute for Production Innovation (IPI), National
Construction Council (NCC), Building Research Unit (BRU), National Radiation Commission
(NRC), Small Industries Development Organization (SIDO), and others.3
Research and Innovation Under Colonialism
Serve for Indigenous Knowledge research under precolonial era, Tanzania has had some
organized scientific research in the past years. It all began with the advent of the German
colonialists (Deutsch-Ostafrika) who established a research center at Amani in Tanga in 1902
where they established the Usambara Kulturstation.4 This center started up as an agricultural and
biological center and came to be known as Amani Biological-Agricultural institute.5 The institute
later expanded enormously into the areas of research in the following years. "The Amani
TIRDO, Research Policy and Guidelines, June 2004
Benedict C. Mukama and Charles S. Yongolo, Tanzania Commission for Science and Technology
(COSTECH), Development of S & S System and Experience of Tanzania on S&T Data Collection,
2005
4
Juhani Koponen, Development for Exploitation;: German Colonial Policies in Mainland Tanzania, 1884-1914,
1994:252
5
Henderson, W.O.; "German East Africa 1884 – 1918," in Vincent Harlow, E.M. Chilver, Alison Smith, eds.,
History of East Africa, II, London: Oxford University Press, 1965:134
2
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Institute soon became a 'tropical scientific institute superior to anything in the British colonies
and protectorates and comparable with Pusa in India or the Dutch establishment at Buitenzorg in
Java."6 In early years practical research concentrated on plants most relevant for Eurpean
agriculture, mainly coffee, rubber, tea, and sisal. The results were popularized in two journals of
the institute (Berichte über Land- und Forstwirtschaft in Deutsch-Ostafrika and Der Pflanser) in
courses and seminars organized for planters and officials.7 The Germans had a number of other
research centers in the colony notably in the northern parts of Tanganyika.
"Although Amani was the most famous of Germany's colonial research stations, representing a
2-million-mark investment, it was only one of several German agricultural stations in the
northern region. Another, named Kwai farm and located in the nearby West Usambaras,
preceded Amani as the colony's chief center for agricultural and livestock experiments. Kwai
lacked Amani's international reputation, but it one the less held a prominent place in the minds of
the Africans who lived in its shadow."8 Other research centers were Kibong’oto in Moshi
charged with research on agriculture and cattle and cattle diseases in the fastest growing white
settlement. Experimental farm and cotton school was established at Mpanganya in 1904 as a
training and propaganda station for African cotton farmers.9 More experimental stations for
agriculture were established in the districts of Tabora, Lindi and Mrogoro which concentrated on
cotton.10 The Germans built other facilities, including schools and hospitals, in different parts of
the country while ruling the colony (1891–1918). One of their biggest colonial achievements was
in scientific research at the institutes they established in German East Africa, especially at Amani.
After the Germans lost the First World War the German East Africa colony went to the British
and was named Tanganyika Territory in 1920. The British took over as a League of Nations
Mandate, after the German Empire lost World War I. The Amani Research Station was renamed
the East African Agricultural Research Institute.11 From about 1927 to 1948 Amani Institute was
transferred to Muguga near Nairobi, the station made impressive record of very productive
research especially soil science and agronomy and plant breeding of crops such as cassava,
maize and groundnuts. Many scientific papers were produced though they hardly reached the
farmer.
After the Second World War many agricultural research stations were established. The main aim
was to find solution to problems facing export crops so as to increase their production. Therefore
the Sisal Research Station was set at Mlingano near Tanga, in 1934, the Coffee Research station
was established at Lyamungo near Moshi in 1934, the Empire Cotton Growing Corporation
posted scientific staff to Ukiriguru near Mwanza to develop cotton crop in 1939, and the
Overseas Food Corporation had a strong scientific wing.12 Tations ike Tengeru was established
Report of the East Africa Commission, Cmd. 2387 (1925), p. 86.
Koponen, op. cit. p. 252
8
Conte, Christopher-Allan; "Imperial Science, Tropical Ecology, and Indigenous History: Tropical Research
Stations in Northeastern German East Africa, 1896 to Present," in Gregory Blue, Martin Bunton and Ralph
Croizier, eds., Colonialism and the Modern World: Selected Studies, New York: M. E. Sharpe, Inc., 2002
6

7

Koponen op.cit. p.423
Ibid. p.424
11
Mazengo, op.cit. p.149
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Mazengo, op. cit. p.149
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to undertake research on food crops. The Mpwapwa Research Station was established near
Dodoma to undertake research on animal husbandry whose programmes were not included in
Amani prgramms. Although the Amani Research Institute became world-famous during German
colonial rule as a scientific research centre,13 it retained its international reputation after the
British received control of the colony they named Tanganyika.14
Other areas of research were added to the institute in 1960. During World War I, the Amani
Research Institute reinforced its international reputation in research when scientists at the centre
developed various products. They included medicine and chemical products, from local material
to meet war needs and those of the German settlers at a time when the colony was cut off from
the rest of the world and could not import anything. "Considerable ingenuity was shown in
producing in the colony manufactured goods and medical supplies normally imported from
Europe. Quinine was made at the Amani Institute and at Mpwapwa....Dye-stuffs were made from
native barks. In the first eighteen months of the war the Amani Agricultural Research Institute
'prepared for use from its own products 16 varieties of foodstuffs and liquors, 11 varieties of
spices, 12 varieties of medicines and medicaments, 5 varieties of rubber products, 2 of soap, oils
and candles, 3 of materials used in making boats, and 10 miscellaneous substances. Many of
these were prepared in comparatively large quantities, e.g.15,200 bottles of whisky and other
alcoholic liquors, 10,252 lb. of chocolate and cocoa, 2,652 parcels of toothpowder, 10,000 pieces
of soap, 300 bottles of castor oil'15
After the British took over, they were "impressed both with Amani's international reputation and
the quality of research conducted there...and continued operating it as a research institute under
the British postwar government. Amani therefore continued to function as an important center of
botanical research and became a flash point for arguments over the value of pure versus applied
research in Britain's East African colonies."16 The institute also became famous for its research in
malaria during British colonial rule and was transformed in 1949 into the East African Malaria
Unit. The research centre served not only Tanganyika but also Kenya, Uganda, Zanzibar and
British Somaliland in the prevention and control of malaria and other vector-borne diseases. It
became the East African Malaria Institute in 1951 and was renamed the East African Institute of
Malaria and Vector Borne Diseases in 1954. In the present day it maintains a high reputation in
research, as the Amani Medical Research Centre, in the Tanga Region of Tanzania.
After British colonial rule ended, the institute continued to play an important role as a research
centre in Tanzania. In 1977, it was renamed Amani Medical Research Centre of the National
Institute for Medical Research, covering a wide range of areas in medical research.
13

Conte, Christopher-Allan; Highland Sanctuary: Environmental History in Tanzania's Usambara Mountains,
Athens, Ohio: Ohio University Press, 2004:13

Mwakikagile, Godfrey Life in Tanganyika in The Fifties; Dar es Salaam, Tanzania: New Africa Press, 2010, p.
164
15
Report of the East Africa Commission, Cmd. 2387 (1925), p. 86....Owing to the blockade, overseas trade came to
an end....The long drawn-out conflict inflicted serious damage on the colony." Cf. W.O. Henderson, "The
war economy of German East Africa, 1914 - 1917," Economic History Review, xiii, 1943.Ref. Henderson,
1965, pp. 160 – 161; Henderson, 1943, pp. 104 – 110.
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Conte, 2002, op. cit. p. 246; Conte, 2004, op. cit.p. 13.
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Scientific and Technological Initiatives in Tanzania
In 1961 Tanganyika got her independence from Britain.17 In 1964, independent Tanganyika
united with Zanzibar to form the United Republic of Tanzania.18 At independence Tanzania
inherited colonial economic structure which had kept its umbilical code intact with the
metropolitan economy. The subsequent development plans took on board the colonial structure
hence industrial research was not a priority.
The East African governors
of Uganda, Kenya and Tanganyika established several regional boards to help coordinate the war
effort proposals for the future management of the inter-territorial services in East Africa which
resulted into the establishment of East Africa (High Commission) Order in Council 1947.19 The
East African Common Services Organization research facility continued to offer services to the
nation.20 However, things started changing with the collapse of EAC in 1977. Tanzania had to
make a decision on how industrial research should be conducted. It was out of this situation the
idea to establish TIRDO was conceived. Other East African countries came up with similar
initiatives, Kenya Industrial Research and Development Institute (TIRDI) in Kenya and Uganda
Industrial Research Institute (UIRI) in Uganda.

Tanzania Industrial Research and Development Organization (TIRDO)
The history of TIRDO started when it was established as a public sector institution to support the
industrial sector through the Act of Parliament of the United Republic of Tanzania No. 5 of
1979.21 Its establishment was conceived as a means to support the process of industrialization in
Tanzania as well as achieve sustainable economic development. As a body corporate which have
perpetual succession and an official seal; can sue and being sued; capable of holding, purchasing
or acquiring any movable or immovable property and of disposing of any of its property.
This act granted TIRDO broad mandate to initiate and undertake applied research, to evaluate
and to disseminate the findings related to the strengthening and improving the performance and
technological base of manufacturing industry.22 As well as offering technical services related to
solving problems and constraints in industries.
What Prompted the Establishment of TIRDO
From the time of the Arusha Declaration 1967 the government of Tanzania considered the weak
technological research and development base as the stumbling block towards industrialization.
To alleviate this problem the government considered to set up centers of excellence in research

Tanganyika Independence Act 1961, and The Tanganyika (Constitution) Order in Council, 1961
An Act to ratify the Articles of Union between the Republic of Tanganyika and the People's Republic of Zanzibar
19
East Africa (High Commission) Order in Council 1947,
17

18

The East African Common Services Organization Ordinance, 1961. Cf. Benedict C. Mukama
Charles S.Yongolo,
Development of S & T System and Experience of Tanzania on S&T
Data
Collection, Tanzania Commission for Science and Technology
21
The Tanzania Industrial Research and Development Organization ACT 1979
22
The Act ibid. Article no. 4
20
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and development.23 One of these institutions was TIRDO which commenced its operations in
1979. However, global demands for science and technology were the effects of decisions,
recommendations and reports of a number of major inter-governmental or non-governmental
conferences such as those associated with meetings organized within the framework of the
World Conference on Science. A brief list of various critical UNESCO regional initiatives done
to promote Science and Technology included the First United Nations Conference on the
Application of Science and Technology (UNCAST) for the benefit of the less developed world
that was held in Geneva in 1963 in which Tanganyika participated.
UNESCO sponsored the International Conference on the Organization of Research and Training
in relation to the study of Conservation and Utilization of Natural Resources that was held in
Lagos, Nigeria – August 6, 1964. In 1974 the First Conference of Ministers responsible for
Science and Technology in Africa (CASTAFRICA I) was held in Dakar, Senegal. As a follow up
to the 1963 Geneva Conference; the Second United Nations Conference on the Application of
Science and Technology for Development (UNCASTD) was held in Vienna, Austria in 1979.24
On the African continent the Organisation of African Unity (OAU) rekindled the UNESCO
initiative by a series of meetings in Monrovia and Lagos whose final act was the promulgation of
the joint 1980 declaration of the “Lagos Plan of Action for the Economic Development of Africa:
1980-2000.” The Contents of the Lagos Declaration was a sure indication of the seriousness of
the political willingness to utilize science and technology in all its forms as a vehicle for
development; of which chapter V is on Science and Technology. The declaration called for three
major actions for effective application of science namely: formulation of national science and
technology policies that will contain essential elements contained in the UNESCO call of 1963.
It was the UNESCO call that gave birth to OAU declaration. The establishment of national
science and technology systems comprising of ministries and councils for effective for
administration and implementation of the national science and technology policies and
commitment of funding of research and development activities in science and technology to a
minimum of 1% GDP (set up previously by UNESCO) in 1980 rising to 3% GDP (as seen in
most development countries) by the year 2000.
National initiatives as a result of the United Nations Conference on science and development,
UNCSTD, Vienna 1979 and the statements on science and technology issues in OAU Lagos Plan
of Action; Tanzania had taken the following measures for stimulating science and technology for
development. Measures included the establishment of the Tanzania National Scientific Research
Council in October 10, 1968.25 The Council was inaugurated on June 25, 1972 marking the first
step towards the establishment of the national coordinating mechanism for research activities in
Tanzania. Later, following the collapse of the East African Community, a structural problem
arose of how to co-ordinate research activities in Tanzania. As a measure of necessity, all the
research institutions that were under the defunct East African Community were placed under the
management of their sectoral ministries to create a conducive environment for the establishment
Bartelt Bongenaar and Adam Szirmai (1999), Development and Diffusion of Technology The Case of TIRDO,
in
Adam Szirmai and Paul Lapperre, (eds), The Industrial Experience of Tanzania, Palgrave Macmillan, p.
171
24
Benedict C. Mukama and Charles S. Yongolo, op.cit
25 Parliament Act No. 51, Tanzania National Scientific Research Council in October 10, 1968
23
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of an effective national co-coordinating mechanism.26 The Act No. 17 was passed to amend the
Tanzania National Scientific Council Act of 1968.
The 1985 National Science and Technology Policy spelled out national goals and objectives
generally and by sector. In addition, it enunciated specific statements for attainment. The
policy’s specific aspirations included, among others, a section on a national system for cocoordinating research and development institutions as a way of monitoring research activities in
the country. This was followed by the establishment of COSTECH through the Act of Parliament
No.7 of 1986 and the establishment of the Ministry of Science, Technology and Higher
Education in November 1990. The Ministry’s involvement in research and development matters
was through one of its departments responsible for Science and Technology. COSTECH on the
other hand, with its wide range of Science and Technology responsibilities, reported to the
Ministry.
In implementation of the Lagos Plan of Action in 1984 the Government of Tanzania formulated
the National Science and Technology Policy document that was subsequently approved and
published the policy in 1985. Due to the changing socio-economic factors for development a new
Science and Technology Policy was drafted, delivered to Cabinet for approval late in 1995 and
subsequently made public in April 1996.
Establishment of COSTECH led to all research and development institutions became affiliated to
COSTECH. This meant that the Commission’s role of co-coordinating and monitoring research
in Tanzania involved a very wide range of research activities ranging from medicine to social
sciences and to engineering. Committees for each priority sector in the country were given the
responsibility of advising COSTECH on policy issues related to its sector and recommend
allocation of research funds and manpower development in connection with the Sector’s
contribution to production.
The 1985 Policy on Science and Technology advocated for ministerial cabinet status of Science
and Technology in order to arguably draw the attention of the Central government. Consequently
this ministry was established in November 1990 with one directorate dedicated to science and
technology. In line with this spirit several governing policies on research and development were
passed which apparently became the guideline for research and innovation at TIRDO. These
policies included National Research and Development Policy 2010, National Science,
Technology and Innovation Policy of 2010, Sustainable Industrial Development Policy of 19962010, Five year Development Plan of 2011-2016, National Development Vision of 2025 and
Integrated Industrial Development Strategy (IIDS) 2025 - Master Plan of 2011.
Functions and Roles of TIRDO
According to the law which formed this public organization it was envisaged that the core
functions of TIRDO should be but not limited to the following:27 To conduct research,
development and technical services on industrial processes and products, while utilizing local
materials in partnership with industries. To carry out research in various aspects of local and
foreign industrial techniques and technologies and evaluate their suitability for adaptation and
26Act
27

No. 17 on November 30, 1977,
The TIRDO Act op. cit.
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alternative use in local industrial production. To provide and promote facilities for the training of
local personnel for carrying out scientific and industrial research. To monitor and coordinate
applied research carried out within Tanzania or elsewhere on behalf of or for the benefit of the
government of Tanzania and to valuate he findings of the research. To establish the system of
registration of and to register the findings of applied research carried out within Tanzania and to
promote practical application of those findings in industrial production. To establish and operate
a system of documentation and dissemination of information on any aspect of applied research
carried out by or on behalf of the organization. To provide to the government and or
organizations engaged in industrial production technical and advisory services and advice and
guidance on technical matters necessary for the furtherance of, or relating to industrial activity.
To advise the government and firms or organizations engaged in industrial production on the
adaptation of technology in industrial production. To provide to the government and firms or
organizations involved in industrial production advice and assistance relating to the provision of
technical facilities in industrial enterprises and processes, so as to improve performances of
industrial pollution. To advise the Government and Firms engaged in industrial production on the
adoption and adaptation of technologies in industrial production. To provide an advisory
technical service relating to the establishment of systems for the control and regulation of
industrial processes to the firms engaged in industrial production so as to improve performance
and to avert or minimize the sources of industrial pollution. These were among the important
functions TIRDO was charged to perform in order to accelerate industrialization according to the
law which established it.
Industrialization and TIDO Activities
At independence the industrial sector in Tanganyika remained tied to the colonial structure hence
research and innovation was also externally connected to the industries. The 1967 Arusha
Declaration and its subsequent nationalization of industries created a big public sector of
industrial enterprises.28 Nationalized industries included Bata Shoes, East African Breweries,
textiles, skin and hides, Tanganyika Packers, British American Tobacco, and Metal Box, banking
industry, export-import businesses, mills and food manufacturing firms.29 The demand of the
Three Year Development Plan (TYDP) between 1961 and 1964 followed by the First Five Year
Plan (FFYP) between 1964 and 196930, the Five Year Development Plan of 1981 – 1986 and the
Basic Industrial Strategy (BIS) 1975-1995 increased the industrial sector in Tanzania.31 The
TIRDO Industrial Information/Industrial Extension Department began operation in September
1981. Industrial information was provided to industries in the areas of engineering, textiles,
foods, fibres, chemical processes, mining and metallurgical processing, ceramics, energy and
instrumentation.32 Sixty-one information requests were received in 1983. Five industries (glass,

The National Industries Licensing and Registration Act of 1967
Dias, Clarence (1970) "Tanzanian Nationalizations: 1967-1970," Cornell International Law Journal: Vol. 4: Iss.
1, Article 4. Available at: http://scholarship.law.cornell.edu/cilj/vol4/iss1/4
30 Samuel Wangwe, Donald Mmari,
Jehovanes Aikaeli, Neema Rutatina, Thadeus Mboghoina, and Abel
Kinyondo; The performance of the manufacturing sector in Tanzania Challenges and the way forward,
World Institute for Development Economics Research, 2014: 5
31
Ibid. pg. 6
32 UNIDO: Technical Report: Evaluation of the Project Performance and Problems of Implementation, 1983:1
28
29
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edible oils, soap, salt, and farm implements) were using the TIRDO Information Service on a
recurring trial basis with the possibility of future subscription service.33
The TIRDO Industrial Extension Service, during the period 31 September 1981 to 15 March
1983, had contacted 160 industries, technical institutions and industry associations. These visits
identified 115 technical problems confronting the productive sector. Twenty four industries have
indicated problems of production, process design or modification, or analysis and testing, which
TIRDO may be able to solve. The TIRDO Engineering Energy Audit/Conservation Unit began to
function in December 1982, upon completion of training of two TIRDO staff members and
acquisition of necessary equipment.
The working of TIRDO was constraint by some events essentially aggravated by the global
economic crisis of that decade late 1970s to mid 1980s. First of all TIRDO was unable to
accomplish its construction plan due to lack of financial ability. Some of its laboratories and
office blocks were not completed until to date. Equipment for the completed buildings was not
available.34 This made it difficult to perform most of its applied researches or TIRDO had to
establish ad hoc arrangements to use laboratories and equipment in other parastatal institutions.
Scarcity of financial resources constrained the recruitment of competent and sufficient
manpower for the purpose of their research agenda and priorities.
In the second half of 1980s the Tanzanian economy in general and industrial sector in particular
was at crossroads. Structural Adjustment Programmes (SAPs) were adopted though with deep
pains “the double edged sword” solution as President Mwinyi put it.35 With the ruksa policy
advocated by President Mwinyi which allowed importation of manufactured goods from outside
Tanzania, the entire industrial sector suffered the most. The advent of neo-liberal policies and
globalization in 1990s dealt a death blow to the industrial sector. TIRDO amid this situation was
in very precarious condition as most of the public industries were privatized.36 The rest of the
industries were closed. It was out of this situation TIRDO considered it wise to review its
research and innovation strategies coming up with the Research Policy and Guidelines of June
2004. The policy contained strategies for sustaining research and consultancy to sustain both
private and public manufacturing sector resulting in national development.37
Improving the available technical capacity at TIRDO was another aspect considered in the new
research policy. The technical capacity at TIRDO was built on Physical Laboratories and Pilot
Plants for Applied Research, Technology Development, and Industrial Advisory Technical
Support Services. The laboratories include Food and Microbiology Laboratory which is the only
Accredited Laboratory at TIRDO since 2009 through the South African National Accreditation
Systems (SANAS) Efforts are underway to accredit three (3) more laboratories which include:
Environment and Occupational Safety Laboratory, Agro Technology and Industrial Chemistry
Laboratory, and Materials Testing Laboratory/Non destructive testing Laboratory (NDT) and
The Food and Microbiology Laboratory The aspect of human resource capacity was also taken
into consideration in order to be effective in research. Currently TIRDO has 80 workers of which
Ibid. p.viii
Ibid. cf. Dr. Msabila interviewed November 2018
35
President Ali Hassan Mwinyi Speech 1986
36
Public Corporation Act, 1992, which was made into a law (and amended in 1993, 1999, and 2001)
37
TIRDO, Research Policy and Guidelines, June 2004
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45 are Scientists, Engineers and Technicians and the rest consists of Administrative personnel.
The number is analyzed as follows; PhDs (9) (3 undertaking PhD studies) MScs (23) and
Technicians (10). There is need of support for capacity building in terms of Equipment
maintenance and calibration, Accreditation of Laboratories Purchase of specialized Equipment in
the fields of Environment Monitoring Specialized Skills Development in the areas of Non
Destructive Testing (NDT) on Concrete Structures Specialized Training on Equipment
Utilization. Industrial research department boasts of Agro Processing and Industrial Chemistry,
Environmental Technology and Occupational Safety, Food Processing and Bio-Technology
Priority Areas of Research for Collaboration from 1990s
Agro processing technologies, gas and petrochemical technologies, textile and leather
technologies coal, iron and steel technologies, natural and medicinal products technologies,
nanotechnologies (water and energy) and biotechnologies. Ongoing technical services to industry
and establishments offered by TIRDO include; physical, chemical and microbiological testing of
foods and water quality (metals and non metals), fuels, determination of calorific values.
Environmental monitoring of air quality, waste water streams, sound levels, lighting levels, flue
gas and particulate matter. Energy audit to industry, government buildings, institutions, and
establishments. Non destructive testing on gas and oil pipelines, buildings and metal structures.
The role of TIRDO as local technology service provider was a mediator between MNEs and the
local innovation system (IS), in Tanzania. The two collaboration projects between two MNCs
subsidiaries in Tanzania, Tanzanian Cigarette Company (TCC) and Coca Cola Kwanza Ltd, and
the Tanzanian Industrial Research and Development Organization (TIRDO), paying specific
attention to how learning takes place between the MNEs and the local technology service
provider on the one hand and, on the other, to how this knowledge is transformed, transferred
and applied by local users.38
TIRDO Contribution to the Industrialization Process39
In the field of industrial development the following services were offered by TIRDO; the
industrial technical audit and advisory services, industrial feasibility studies, product
development and testing, monitoring and evaluation of industrial projects. In the field of oil and
gas sector the following were made available by TIRDO; professional welder’s qualification and
non-destructive testing of oil and gas pipelines and tanks and industrial pressure vessel and
process equipment.
In the field of coal sector the following services were offered by TIRDO were laboratory and
pilot plant for coal quality assessment and coal utilization technologies development. In the field
of Iron and Steel Sector the following services were offered by TIRDO; Metallurgical services in
development of spongy iron and, iron and steel products quality assessment. In the field of
Cleaner Production in Industries the following services were offered by TIRDO Environmental
services for waste minimization, improved occupational safety and maximized productivity. In
the field of ICT and Electronics Sector the following services were offered by TIRDO Cyber
Security Training and technical assistances to industries, Maintenance of electronic, scientific
38
39

Dr. Msabila, interviewed at TIRDO premises 2018
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equipment through instrumentation unit. In the field of Leather and Textile Sector the following
services were offered by TIRDO Quality assurance and technical services in the textile and
leather industries and, leather waste recycling.40
TIRDO Communication System
In the field of communication TIRDO communicates with the government formally through
circular orders and letters. Other formal communication systems of email, telephone are used to
communicate with the Government. Any information during communication must be in written
form for formalization. TIRDO communicates with its Customers through the formal
communication system which involves institutional email, letters, telephone, fax and face to face
(physical visit) is used to communicate with the customers. Internal communication system is
done through TIRDO participation in exhibitions, trade fair, Mass communication in radio,
newspapers and television
Cooperation with Stakeholders41
To advise the Government and Firms engaged in industrial production on the adoption and
adaptation of technologies in industrial production. To provide an advisory technical service
relating to the establishment of systems for the control and regulation of industrial processes to
the firms engaged in industrial production so as to improve performance and to avert or
minimize the sources of industrial pollution. eg. Researching on the standard/quality of local
technology for better improvement
Ongoing Industrial Support Services
TIRDO has embarked on providing support services to numerous industries. The recipients were
prisons and PPF integrated leather factory feasibility study and Simiyu cotton based industries
feasibility study. Due diligence to a pipe manufacturing factory Morogoro, canvas factory
technical audit and revival, Cassava zero waste project, Industrial energy audit Analytical
services in coal, chemistry and food, Industrial environmental audits and environmental and
social impact assessment (ESIA)
Technologies Developed and Transferred by TIRDO
TIRDO has been able to invent and develop some technologies including a solar drier (semi
cabinet) the drying technologies for vegetables and fish products, orange juice extractor,
essential oil distillation unit, cassava processing machines and palm oil processing machine
developed for medium scale pilot plants for small and medium enterprises.42 Other technologies
developed and transferred include production of particle boards using cashew nut shell liquid
glue, traceability systems in coffee, tea, fish and cashew nut industries and GS 1 company in
40

TIRDO, Industrial Support Services Provided by TIRDO, Presentation Made Before Public Relations Society of
Tanzania (PRST), Dar es Salaam Tanzania May, 2018
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Prof Mkumbukwa Mtambo, Director General TIRDO interviewed November, 2018
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Tanzania, bio control methods for prevention of ochratoxin A in coffee processing. A patent has
been secured for Cashew Nut Shell Liquid (CNSL) – Tannin Wood Adhesive for chipboards
particleboards in 2004.43
Successes and Challenges faced by TIRDO from 1979 to 2018
The Act gave TIRDO the mandate to undertake applied research to strengthen and improving the
performance and technological base of manufacturing industry. And to offer technical services
related to solving problems and constraints in industry. Therefore the success of TIRDO will be
evaluated by the relevance of its research done on problems in the industrial sector and by the
speed and success in offering solutions to the problems of the industries. TIRDO was to
formulate research policy which would have accommodated the prevailing research and
development needs of industry and the existing globalized environment. The established work
plans and priorities should take into account the available manpower resources, financial
resources and the existing infrastructure.44
Foreign Bodies of Knowledge in the Tanzanian Economy
Due to the presence of Multinational Enterprises (MNEs) in the local system, some of the
knowledge that is flowing in the system constitutes a foreign body of knowledge. Through the
increasing internationalization of production and Foreign Direct Investment (FDI), this body of
knowledge forms a solid part of the local system. Additionally, inward FDI links domestic actors
to economic units outside the national ones. The extent of cross-border knowledge exchange
varies from system to system. Innovation systems connect domestic and foreign bodies of
knowledge,45 and this is generally the case in Less Developed Countries (LDCs) where the
foreign knowledge base is particularly important. For local institutes, such as TIRDO, this is the
context in which they are operating. MNEs constitute bodies of leading knowledge in the wider
local context.46 Effective knowledge sharing: the Tanzanian Industrial Research and
Development Organization as mediator between the foreign and local sector.47
The domestic knowledge base is further developed by the technology and knowledge transferred
from the foreign sources. However, the domestic system needs to be in a position to internalize
the input of the foreign knowledge sources. This ability to develop adequate capabilities to
absorb the knowledge output of the collaboration with MNEs is one important challenge. With
regards to macro implications for the SI, there need to be appropriate conditions not only within
technology service providers, but also within the whole economy and society, i.e. social
capabilities need to be present. Another challenge is related to the general gaps in the systems
TIRDO Records in custody of Dr. Msabila
TIRDO, Research Policy and Guidelines, 2004 p. 3
45
Rajneesh Narula, Multinational Investment and Economic Structure: Globalization and Competitiveness,
Routledge, 2002,
46
A. Szogs and L. Wilson. 2006, Effective Knowledge Sharing: the Tanzanian Industrial Research and
Development Organization as Mediator between the Foreign and Local Sector
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that exist in LDCs. Even if LDCs can learn from MNEs, due to increased cross-border activities,
there is the problem of internalizing the input and the question of relevance of the input.
Regarding the rather basic problems that many companies in Tanzania are facing, concepts such
as those conveyed to TIRDO through the collaboration with both Coca-Cola are of secondary
priority. The local firms have to struggle with problems as for example low level of human and
physical resources. Consequently, issues like improving the working environment are not
prioritized. The input of ideas resulting from the collaboration with MNEs is therefore only
productive and with potential for wider application where the ideas can be transferred to different
contexts. This means, not directly from the foreign firm to a local one, but rather finding a form
for application in another context.
Forms of interaction between a foreign affiliate, as representative for the private, foreign
industries, and TIRDO a local technological service provider. It is investigated how knowledge
of importance for economic development is shared and diffused between various actors in the
economy with TIRDO being the key translator between the foreign and the local actors.
Challenges
The domestic industry in Tanzania is still characterized by an inadequate base of technology and
research and development activities, due to an unfavourable environment for the research and
development activities. It has also been argued that domestic industries are not sufficiently
informed about the existing research and development institutions and their potential for solving
technical problems.
The weak technological research and development base prompted the Tanzanian government to
establish sector-based centres of excellence. This has been done because a broader institutional
framework is needed to support the development of the private sector. Research and
development in Tanzania is primarily carried out by governmental institutions.48 It has been
shown that if the research and development capacity of the country is de-linked from the private
sector, it will contribute only little or nothing to technological upgrading at the firm level.49 The
main task of the industrial support organizations is to provide services, including technological
advice to industry, and to help them with innovative work on their products and processes.
The role that science and technology play in the development process has not been recognized by
many industrial firms, demonstrated by lack of commitment to more innovative undertakings.
Even with a few that are aware, there are other barriers including financial resources, inadequate
human skills and weak information system.
There is absence of strong private sectors that appreciates in research and development
contribution, and the same lacks willingness to adopt local innovations in technological services.
Inadequate labour force with industrial experience which is compounded by inadequate
educational system which does not consider the Tanzania industrial development policy.
Bartelt Bongenaar and Adam Szirmai (1999), Development and Diffusion of Technology The Case of TIRDO,
in
Adam Szirmai and Paul Lapperre, (eds), The Industrial Experience of Tanzania, Palgrave Macmillan,
p.172
48
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(UNCTAD 2001)
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Improper utilization of natural resources, for example high quality coal is used in cement
industry instead of iron and steel industry as energy sources. The other issue is lay in inadequate
awareness to industrialists in sustainable industrial systems such as energy efficiency. More
important is the Inadequate budgetary resources for research and development.
In view of the low level of industrial development in Tanzania, the economic situation and the
needs and problems of the productive sector, the main functional activities of TIRDO have been
largely limited to providing technical services of a problem-solving nature. Even with use of
other laboratory facilities, TIRDO is unable to undertake other than limited applied research.
TIRDO is providing the kind of assistance (information, energy audits, instrument repair,
chemical analysis,) which the productive sector requires.50
Future Prospects and Outlook of TIRDO
As an institution for research and innovation for industrial development in Tanzania TIRDO has
been focusing on improving its future prospects and outlook for the national development. To
support environment for research and technology development and formulate policies to support
research and development, innovation and entrepreneurship. Tanzania has the political will to
ensure that research and development is the National Agenda. TIRDO looks forward for
accreditation of all laboratories so as to acquire international recognition of services. TIRDO is
making effort to have the establishment of more laboratories in Government strategic areas such
as leather and textile, metallurgy and energy technologies. Establish and strengthen collaboration
with industry, academia and other research and development institutions locally and
internationally.
CONCLUSION
The industrialization campaign under the banner of nchi ya Magufuli itakuwa ya viwanda was
supposed to take into account the role of TIRDO as a research and development organization. In
the 1940's and 1950's a full 20% of United States of America’s economic growth stemmed from
research and development.51 However, Tanzania just like all other developing countries has its
manufacturing sector very weak. This is partly explained from the effects of colonial experience
which concentrated on production of primary raw material products. For the colonial state to
harness research and innovation in colonies would have been tantamount to committing
economic suicide. This is exactly what happened in Tanzania under both German and British
rule. The effort to establish self reliant economy as per Arusha Declaration and the establishment
of TIRDO for the purpose of harnessing research and innovation in the manufacturing sector was
a positive step towards strengthening of the local manufacturing sector.
The performance of TIRDO however, was not encouraging just like other public sectors created
by Tanzania government. The poor performance of TIRDO according to this paper is attributed
to a number of factors. The legal framework provided by the Act did not provide mechanism to
the organization to enforce the exercise of its mandate to the manufacturing sector. Again the law
did not provide a framework for the organization to be accountable in case of misdeeds. Placing
TIRDO under the ministry though with its independent governing board crippled its power in
50
51
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decision making and above all in raising and managing its funds. The TIRDO budget being
appended to the ministry budget rendered TIRDO unable to get what it needed at the right time.
The status of public institution accorded to TIRDO made less autonomous from the shackles of
government authoritative mighty. When public institutions started shaking amid economic crisis
TIRDO was not spared.
The government treated TIRDO under the normal operation of other government organs.
However, TIRDO as a research institution required extra care because it was sensitive to the
manufacturing sector in terms of disseminating knowledge, research findings, consultancies and
innovative services. This exercise is expensive and required vast investment in terms of human
resources, financial resources, time resources and friendly infrastructure. Failure to care and
fulfill these necessary demands for TIRDO rendered it weak to perform its noble mandate of
advancing the industrial sector.

RECOMMENDATIONS
Government which is committed to advance industrialization as the campaign of president
indicates should have taken initiatives to appreciate the role of research and development in the
envisaged industrial development by giving TIRDO a central position. The initiative could be in
the form of increased budgetary allocation for research and development in niche sectors of the
economy. Currently there is no money made available for research activities at TIRDO.
Government is urged to put in place a strategy for capacity building by allowing TIRDO to
employ researchers and the supporting staff. Currently TIRDO has to ask permission from the
ministry of to employ workers. There should be a staff development programme so as to develop
the existing staff to the levels of MSCs and PhDs. Completion of the physical infrastructures
construction which was planned from the time of TIRDO’s inception is another area to be
addressed to. There are many laboratories missing including incubation centers, food processing,
chemistry, metallurgy, textiles and biotechnology. The laboratories must be furnished with the
necessary equipment for the applied researches to be conducted at the TIRDO premises.
A legal framework should have been put in place for industrialists compelling them to embrace
technical services offered by TIRDO for improving productivity and product quality. Besides,
TIRDO complains that its mandate as provided in the Act establishing it has been taken by
COSTECH and Tanzania Bureau of Standards (TBS). This anomaly needs to be adjusted by
removing the existing duplication existing in these parastatal organizations. Public Relations
Society of Tanzania (PRST) needs to play its advocacy role during this process of
industrialization
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Abstract
The general goal of data statistical analysis is to find a near perfect translation to reality such that
minimal information is lost in the approximating model. In this paper change point problem is
viewed as a model selection problem where the point in time that model parameters change is
estimated. This paper develops a change point estimator of the shape parameter of the
generalized Pareto distribution which is shown to be consistent through simulations. The
likelihood ratio test statistic based on the Kullback-Leibler divergence is used to detect a change
point under the assumption that the model is correctly specified. The maximum likelihood
estimation method is used to estimate the change point. The estimator is then used to detect a
change point within extreme events with a climatic application in mind.
Keywords: Change point, Kullback-Leibler, Generalized Pareto distribution
INTRODUCTION
Time series data can be viewed as data that is recorded sequentially with reference to time. An
entire data array can initially be analysed with the goal of finding a statistical model that can
adequately describe the underlying data generating process through the estimation of model
parameters. Since reality cannot be fully exhibited through a model, we seek to minimize
information loss through an approximating model that gives a near perfect translation to reality.
In the study of time series, it is natural to assume time-shift invariance of the data probability
distribution i.e. stationarity. However, some properties of time series data such as mean, variance
or higher order moments may change with time. The basic assumption would be that estimated
model parameters remain unchanged throughout time. Truong et al. (2018) states that may real
world data are made up of consecutive regimes that are separated by abrupt changes. Prior to
model estimation, the statistical hypothesis of stochastic homogeneity of the data can be checked
for the purpose of parameter estimation in each segment of the data separately if any changes are
detected. In its simplest form, change-point detection is the name given to the problem of
estimating the point at which the statistical properties of a sequence of observations change
(Killick & Eckley, 2014). The overall behaviour of observations can change over time due to
internal systemic changes in distribution dynamics or due to external factors. Change-point
analysis entails finding both the number and the location of such changes. The detection of
change points has been increasingly taken into consideration as opposed to the classical
stationary assumptions as change points can drastically alter inferences made from a time series.
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Fundamental features in an extreme value analysis are captured by the tail behaviour. When the
overall distribution changes, what happens to the mean may be different from what happens to
the extremes at either ends of the distribution (Field et al., 2012). This guides the study to the
changes in the tail behaviour of any given distribution which is characterized by the extreme
values. Extreme values on the other hand can be summarized by the existing extreme value
distributions. This means that by imposing a fixed parametric density form, then any changes in
distribution parameters can be monitored. Changes observed in extremes could be linked to
changes in the mean, variance or shape of the probability distribution or all of the three.
Rationale: Review of previous research works
EVT focuses on the tail distribution of time series data and provides flexible, simple parametric
models for capturing tail related behaviors. By the use of asymptotic limit theorems, models that
can be used to make inferences about the tails of a given underlying distribution are derived.
Extreme values have been defined in two ways: block maxima whose limiting distribution is the
generalized extreme value distribution and threshold exceedances whose limiting distribution is
the generalized Pareto.
In the study of time series, it is natural to assume time-shift invariance of the data probability
distribution i.e. stationarity. The standard EVT methods assume stationarity (Coles et al., 2001).
In contrast, non-stationary processes are characterized by changes through time. In certain
aspects such as environmental processes and climatology, the characteristics of the underlying
process is often non-stationary and depends on changes in large-scale processes, seasonality or
long-term trends (Rust et al., 2009; Cheng et al., 2014; De Paola et al., 2018). The presence of
temporal dependence challenges the utility of standard EVT models. This implies that model
parameters cease to be constants rather become functions of time, covariates or other underlying
processes.
In its simplest form, change-point detection is the name given to the problem of estimating the
point at which the statistical properties of a sequence of observations change (Killick & Eckley,
2014). Change-point analysis entails finding both the number and the location of such changes.
The detection of change points has been increasingly taken into consideration as opposed to the
classical stationary assumptions as change points can drastically alter inferences made from a
time series. Generally, it is of interest to segment a time series into homogeneous segments for
better informed inferences.
Jarušková and Rencová (2008) investigate change points in temperature extremes based on the
assumption that the maxima and minima follow the generalized extreme value distribution. In
order to decide whether a series is stationary then the principles of mathematical statistics lead to
hypothesis testing. The null hypothesis corresponds to stationarity of the series whereas the
alternative corresponds to the type of change that is being sought. Their test statistic based on the
likelihood ratio considered a change in all the three parameters of the GEV but was modified to a
trimmed maximum type to ensure that a change cannot occur at the beginning or end points of a
time series. Since they required to compute the maximum likelihood estimates before and after
all possible change points, asymptotic theory was used and the authors recommend that good
parameter estimates are calculated from a sample size of at least fifty observations. They indicate
that in practice it is better to choose an alternative hypothesis that corresponds better to the type
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of the change expected to occur. Practically, it may be difficult to clearly articulate the expected
change as it is usually unknown.
According to Dierckx and Teugels (2010) extreme values of a distribution might be of greater
importance than the mean values when performing change point analysis as the mean and
variance do not often adequately describe the tail of a distribution. Their study is based on the
likelihood approach of Csörgö and Horváth (1997) which can be adapted to extreme values.
Through simulations, their study revealed that the test was more powerful for large sample sizes
and when the position of the change point is not close to the sample end points. Changes in the
tail distribution and variance can lead to more extreme events as compared to changes in only in
the mean (Dupuis et al., 2015). Their work focused on changes in the tail behaviour based on
multiple cross-sectional time series where they sought multi-year seasonal change points.
The distribution of the likelihood ratio statistic cannot be obtained in analytic form for small
sample sizes and the ML estimates of the change point does not satisfy regularity conditions
required to apply standard asymptotic likelihood ratio theory (Chen et al., 2017) . Instead they
used a Bayesian approach to compare the models of no change point versus change point models
that considered a change in both the scale and tail index parameters of the GPD. When assessing
the accuracy of change point detection as well as model selection, the proposed models exhibited
lower accuracy as when compared to cases where the main interest was change point detection
regardless of the model selected. Since this points out to the possibility of a change point to be
adequately detected regardless of an incorrectly chosen model, then model selection uncertainty
becomes important.
Detection of change points is critical to statistical inference as a near perfect translation to reality
is sought through model selection and parameter estimation. Stationarity in the strict sense,
implies time-invariance of the distribution underlying the process. Stationarity is arguably a very
strong assumption in many real-world applications as process characteristics evolve over time.
Opposed to the assumption of stationarity, standard extreme value distributions have been
modified to account for non-stationarity but this does not always imply that abrupt changes
within the underlying process will be accounted for. Change points within a parametric setting
can be attributed to change in the parameters of the underlying data distribution. Thus the main
problem would be to find the point in time that the changes occur.
In section 3, the test statistic is constructed based on the Kullback-Leibler divergence introduced
by Kullback and Leibler (1951) that will test whether the shape and/or scale parameters of the
generalized Pareto distribution change over time. Simulation studies are carried out in section 4
with application of the change point estimator to real life data having a climatology context.
METHODOLOGY
The generalized Pareto distribution was introduced by Pickands III et al. (1975) to model
exceedances over thresholds and is widely used in the analysis of extreme events, modelling of
large insurance claims, hydrology, climatology and as a failure time distribution. The GPD can
also be used in any situation in which the exponential distribution might be used but in which
some robustness is required against heavier tailed or lighter tailed alternatives (Hosking & Wallis,
1987).
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Definition 3.1. The Generalized Pareto distribution function is defined by;
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The parameter ξ is the extreme value index and its sign is the dominant factor in describing the
tail of the underlying distribution. The larger the � the heavier the tail. � is referred to as the
scale parameter and characterizes the spread of the distribution.
The GP distribution contains a number of specific distributions under its parametrization. When
� > 0 the corresponding distribution is the usual heavy tailed Pareto distribution. If � < 0 the
corresponding distribution is a type II Pareto distribution whereas � = 0 yields the exponential
distribution.
Single change point estimation

Consider a non-stationary process X = {�1 , . . . , �� }. A change point is said to occur when there
exists a time � ∈ {2, . . . , � − 1} such that the statistical properties of {�1 , . . . , �� }.
and
{��+1 , . . . , �� }. are different. Then the hypothesis of no change in model parameter(s) versus
change in model parameter(s) at an unknown time � would be stated as:

�0 : �1 = �2 = … = �� ������
(3)
�1 : �1 = … = �� ≠ ��+1 = … = ��
At a given level of significance, if the null hypothesis is rejected, then the process X is said to be
locally piecewise-stationary and can be approximated by a sequence of stationary processes that
may share certain features such as the general functional form of the distribution F. Assuming
that the time of change � is unknown and there are K (1 < K < n) admissible change points, then
the test statistic �� = ���� = max � ∈ � ��. Then the estimated time of change � would be
the value of k that maximizes the test statistic �� . This would naturally mean that the null
hypothesis is rejected if �� is large.
The hypothesis being tested is as in equation 4
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�0 : �� ∼ ��(�, �)
Against
�1 : �� ∼ �� �1 , �1 � ≤ �
: �� ∼ �� �2 , �2 � > �

(4)

Where �1 ≠ �2 and �1 ≠ �2 are unknown before and after the change point �

Information measures provide descriptions of the long term behavior of random processes
(Garrido, 2009). For this reason, measures of distance between probability distributions are
central to the problems of inference and discrimination. Statistical inference starts with a set of
observations {�1 , . . . , �� } which are assumed to have been generated by an unknown model, say
�(�). By means of estimation methods an approximated model, say �(�), is obtained. The
overall aim would be to have �(�) as similar as possible to �(�). Then probabilistic distances
(divergences) would be computed to assess how ’close’ the two probability distributions are
from one another.
Definition: Let P and Q be two finite distributions on X with probability density functions �(�)
and �(�) respectively. The Kullback-Leibler divergence of � relative to � , a measure of
information lost when �(�) is used to approximate �(�) is defined by (Kullback & Leibler, 1951)
�(�| � =
=

�
�

� � log

� �
��
� �

� � log � � �� −

(5)
�

� � log � � ��

= ��(�) log �(�) − ��(�) log �(�)
�
where �� denotes the expectation operator over the distribution �� . � represents the random
vector with density � and �. Despite not being a true distance, this expectation provides relevant
information on how close � is from � . Kullback and Leibler (1951) coined the term "directed
divergence" to distinguish it from the divergence defined by 6 which is a symmetric measure as
opposed to 5 which is asymmetric and fails to satisfy the triangular inequality since �(�| � ≠
�(�||�) .
�(�||�) = �(�||�) + �(�||�)

(6)

The KL information is applicable for both continuous and discrete distributions. It is also known
as relative entropy, informational divergence, or information for discrimination. Being a one
dimensional measure, it is easy to comprehend and thus forms a deep theoretical basis for databased model selection as it takes into account the entire range of the distribution.
Consider two GP densities �1 (�) and �2 (�) with density function as in 2 with scale and shape
parameters �1 ≠ �2 and �1 ≠ �2 respectively. The KLD can be expressed as a function of the two
distribution
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�(�1 | �2 =
=

�
�

�1 � log

�1 �
��
�2 �

�1 � log �1 � �� −

�

(7)

�1 � log �2 � ��

= ��1(�) log �1 (�) − ��1(�) log �2 (�)
�(�2 | �1 =
=

�
�

�2 � log

�2 �
��
�1 �

�2 � log �2 � �� −

�

(8)

�2 � log �1 � ��

= ��2(�) log �2 (�) − ��2(�) log �1 (�)

Equation 9 gives one of the properties of the GP distribution (Embrechts et al., 2013)

� log 1 +

��
�

= �� �!,

(9)

� ∈ �

An application of property 9, numerical computations and methods of integration equation 7 can
be reduced to
���

1
1
�1
−
+ 1 � ��� 1 + �
�1
�1
�1

= ���
= log

− log

1
1
�2
−
+ 1 � ��� 1 + �
�2
�2
�2

1
1
1
1
−
+ 1 �1 − log
−
+1
�1
�1
�2
�2

�

1
1
1
�1
− ���
− (1 + �1 ) −
+1
�
�1
�2
�2
�2 1

log 1 +
�

1+

�2
� �1 � ��
�2

�1
�
�1

1
−
�1

1
+1
�2

−1

(10)
��

The KL divergence as in 10 is a function of the parameters of the two densities f1(x) and f2(x).
The maximum likelihood estimation method is adapted to estimate the parameters as they have
desirable characteristics such as consistency, efficiency and asymptotic normality.
Suppose that {�1 , . . . ��, , ��+1 , …, �� } follow a GP distribution with parameters �� = �� , �� , � =
1,2.
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Then the log-likelihood functions are as in equation 11 for the likelihood estimators (�−
� , �� )
+
and (�+
for the data sets �1 , . . . ��, , and ��+1 , …, �� respectively. The log-likelihood
� , �� )
functions are maximized with respect to the parameters to obtain the estimates before and after
the change point τ.
−
�−
� � =− � log ��

�+
�

� =− (� −

1
+1
�−
�

�) log �+
�

�
�=1

log 1 +

1
+1
�+
�

�

�=�+1

�−
�
��
�−
�

�+
�
log 1 + + ��
��

(11)

Although asymptotically efficient, the MLEs are computationally difficult and can have
convergence problems (Hosking & Wallis, 1987). The ML estimates sometimes cannot be
obtained for the generalized Pareto distribution as a result of nonexistence of a local maximum
of the likelihood function. For instance, the ML estimates do not exist for � ≥ 1 because the
likelihood function has no local maximum. For � ≤ − 0.5 , the ML estimates do not exist
asymptotically since ���(�) = ∞ (Zhang, 2007). For � >− 0.5 , the maximum regularity
conditions are achieved and thus the maximum likelihood estimates are asymptotically normally
distributed, consistent and asymptotically efficient.
RESULTS
Consider a simulation from the GP density with parameters (1, 0.1) and (3, 0.2) for the scale and
shape respectively with n = 500 and τ = 250. The first 250 data come from the GP (1, 0.1) and
the next 250 come from the GP (3, 0.2). These values are taken to represent excesses from two
different densities with varying parameters. Setting the shape parameter at �1 = 0.1 then �2
varies across the values 0.2, 0.3 and 0.4. The change point as estimated by equation 6 is given at
the time when the maximum value of the divergence is observed.
Some of the simulation results are shown in figure 2. For the simulation studies the values of
� � 3�
� ∈ 4, 2, 4

are varied corresponding considering different locations of the change point for different sample
sizes (200, 500, 1000). The divergence between the two samples is estimated and the detected
change point results presented in table 1.

n
500

τ
150
250
350

�2 = 0.2 �2 = 0.3 �2 = 0.4
�
167
234
369

�
162
237
356

�
142
239
353
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1000

2000
786

250
500
750
500
1000

171
428
720
310
821

174
424
724
303

180
431
728
300
795

Table 1: Estimation by simulation with 500 replications
n
500

150

2000

�2 = 0.3

�2 = 0.4

3125.85

3146.48

3182.77

8324.46

8130.28

7672.63

250

50275.75

30837.72

30312.39

500

50963.03

42619.13

41780.05

500

171739.4

177772.9

179237.1

1000

176082.5

195395.4

200240.9

250
1000

�

�2 = 0.2

Table 2: Mean squared errors (MSE)
Table 2 gives the mean squared errors used to assess the performance of the estimator
considering three generalized Pareto distributions with different sample sizes. Regardless of the
location of the change point, the overall performance of the estimator improves as the change in
the shape parameter becomes larger for smaller samples. This can be seen from the trend in the
values of the mean squared errors. As the sample size gets larger the estimator’s sensitivity to
small changes in the shape parameter improves. This implies that very large sample sizes are
required to detect very small changes in non-negative shape parameters.
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Figure 1: n = 500, � = 250, � = 221

Figure 2: n = 1000, � = 500, � = 535

Application to data
Before fitting the GP density function to data, it is first necessary to choose a threshold. It is
important to choose a sufficiently high threshold in order that the theoretical justification applies
thereby reducing bias. However, the higher the threshold, the fewer available data remain. Thus,
it is important to choose the threshold low enough in order to reduce the variance of the
estimates. The Fort Collins precipitation data as shown in figure 3 is used. The data contains
daily precipitation amount records over the period 1900 to 1999. A threshold value of 0.4 is
selected and extremes classified as the values above this. It is assumed that the values are
independently and identically distributed. The exceedances are considered to follow the
generalized Pareto distribution. The KLD values are computed and shown in figure 4
The change point estimator detects a change at point � = 979 (March, 14 1996). On July 28,
1997, an extreme flood disaster hit Fort Collins, Colorado with the heaviest rains ever
documented in an urbanized area of the state. It was one of the major urban floods of recent
years in the United States and was labelled a "500- year event" by the media, causing major
impacts on the city and its people (Grigg et al., 1999). The change point could thus be accounted
for by this extreme flooding event. Figure 5 shows the extreme precipitation

Figure 3: Fort Collins precipitation time series
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Figure 4: Kullback- Leibler divergence
point estimate

Figure 5: Excesses change

data with a superimposed line (red) indicating the point in time when the change point was
detected. Looking at the values of the estimated parameters of the GP before and after the change
point an increase in the scale parameter is accompanied by a decrease in the shape.
DISCUSSION AND CONCLUSION
The Kullback-Leibler divergence has been used to distinguish between two distributions
belonging to the same family. A change point is then defined as the point in time where the
distribution parameters change characterized by maximum divergence. This change can be
attributed to many factors including internal and systemic changes. Since fundamental features
of extreme values can be captured by the tail behavior described by the generalized Pareto
distribution, then the method can be used explicitly to examine the parameter changes. The
method has shown difficulties that are present when estimating small changes in the shape
parameter given small sample sizes. This then implies that very large samples are crucial in
estimating small changes since the performance and sensitivity of the estimator improves with
larger samples. Hence, the estimator is seen to be consistent with respect to the magnitude of
change. The method is tested within a simulation setting as well as real life example and works
quite well.
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Abstract
This paper seeks to model the dynamic relationship between stock market returns, volatility and
trading volume in both developed and emerging stock markets. Modeling stock returns volatility
has a tremendous reflection of the stock market microstructure behavior. We model this
relationship using GARCH model, which previously has been used and reproduced most stylized
facts of financial time series data, and compare its results with those of Regime-Switching and
Markov-Switching GARCH. The results indicate evidence of volatility clustering, leverage
effects and leptokurtic distribution for the index returns. Moreover, we find that all the three
stock markets are characterized by return series process staying in low volatility regime for a
long time than in high volatility regime. Markov-Switching GARCH (1, 1) model is reported to
be a better model than GARCH (1, 1).
Keywords: Volatility, Stock Returns, GARCH, Regime Switching, Markov-Switching GARCH

INTRODUCTION
In the previous financial modeling studies, the connection between stock returns, volatility and
volume has been widely examined in both developed and emerging stock markets. This
relationship is paramount since it provides insights into the understanding of the microstructure
of financial markets. Volatility can be defined as a statistical measure of dispersion of returns for
a given security or market index which can be measured by either using the standard deviation or
variance of the return series from a given market index. A higher value of standard deviation
implies a greater dispersion of returns and high risk associated with the investment. The
performance of stock market has strong dependence on volatility and thus as volatility declines
the stock market rises and vice versa. This means that when volatility increases, risk increases
and returns decrease. On the other hand, Abbontante [1] defines trading volume as the total
number of shares traded each day. Trading volume can be used to measure the value of stock
price movement. That is, trading volume is an important technical indicator that is used to
confirm a trend or a trend reversal. It gives investors idea of the price action of a security and
whether they should buy or sell the security. If trading volume increases prices generally move in
the same direction. We therefore note that the understanding of connection between stock returns,
volatility and volume should be given a considerable attention in financial modeling. A study by
Wiley and Daigler [17] contend that the relationship between price and volume is attributed to
the role of information in the price formation. On the other hand, Karpoff [11] argue that pricevolume empirical relationship is paramount because of the fact that it gives insights in the
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understanding of the many theories that compete to widely spread ideas about information flow
into the market.
Moreover, Attari et.al [3] in their research uncovers that investors are encouraged by higher
returns to invest and consequently there is capital inflow while in the volatile environments the
returns are not certain and it is difficult to predict the investment. The study of Attari et.al [3] and
Hseih [10] reveals that emerging stock markets associates with highly volatile stock return due to
low stock market volume. Girard and Biswas [8] in their study on trading volume and stock
return volatility in developed versus emerging stock markets reports negative relation between
the two. According to Al-Samman and Al-Jafari [2], trading volume is considered as an
important technical indicator in measuring the strength of a market for the reason that it contains
about stock behaviour. The contemporaneous and dynamic relationship between trading volume
and stock returns has been a cause for empirical studies. Lee and Rui [13] revealed that returns
granger cause trading volume in the developed markets (US, UK and Japan). In their study, De
Medeiros and Doornik [7] report a contemporaneous and dynamic relationship between returns,
volatility and trading volume by using Brazilian market data. A positive correlation between
trading volume and volume was reported by Mahajan and Singhn [14]. Moreover, studies by
Christie [5] reveal a negative correlation between volume and volatility. Crouch [6] studied the
connection between daily trading volume, absolute changes of the stock market and individual
stocks and found a positive relationship between them. Rogalski [16] utilized month to month
stock information and found a positive contemporaneous relationship between trading volume
and absolute returns.
More recently, a look into by Komain [12] aimed to inspect the dynamic connection between
stock return, trading volume, and volatility in the Thai Stock market reports that trading volume
assumes a prevailing job in the dynamic connections. Specifically, trading volume causes both
return and return volatility when the US subprime emergencies are considered. More generally,
literature reveals that there is contemporaneous connection between trading volume and return in
the Thai securities exchange.
In general, despite the significant efforts that have been made, empirically and theoretically, on
the phenomenon of stock returns, volatility and volume relationship on different stock markets,
mixed results have been reported. However, most of the findings have confirmed existence of
contemporaneous relationship between stock returns, volatility and trading volume. We note that,
despite a fair amount of empirical evidence that exists on the connection between stock returns,
volatility and trading volume for developed and emerging financial markets, there exists few
studies that have investigated the case of Nairobi Securities Exchange (NSE) (an emerging
market) compared to a developed stock market. Our study therefore seeks to investigate the kind
of relationship between stock returns, volatility and trading volume in both emerging and
developed financial markets by applying GARCH and Regime Switching models.
The rest of this paper is organized as follows; Section 2 provides an overview of the GARCH,
Regime Switching models and Markov-Switching GARCH models used in the study. Section 3
presents the data used and its descriptive statistics and the general discussion of the study
findings. Finally, section 4 concludes the paper.
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METHODOLOGY
GARCH Models
The generalized autoregressive conditional heteroscedasticity (GARCH) models, which have
been widely used in financial and economic modeling and analysis, are characterized by their
ability to capture volatility clustering among other stylized facts and to account for non-uniform
variance in time-series data. Bollerslev [4] proposed these models as a valuable extension of
ARCH model. By defining a log return series t , we assume that the mean equation of the
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represents the first order ARCH term which broadcasts information pertaining volatility from an
earlier period, and  is the first order GARCH term which is the new information that was not
1

available at the time the previous forecast was made. If
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 1 , it implies that the shocks

to volatility do not die off over time. This is to mean that the magnitude of these parameters
determines the extent of volatility persistence. The closer the sum of
and  to 1, the
1
more the shocks to volatility does not die off.



1

Regime Switching Models
The Regime Switching model was developed by Hamilton [9] and is also referred to as the
Markov Switching model. It is among the most popular nonlinear time series models in literature
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that have been used to model stock data. It involves multiple structures that characterize the time
series behaviors in different regimes. The model is able to capture more complex dynamic
patterns if switching between these structures is permitted as well as it allows coefficients of the
conditional mean and variance to vary according to some finite-valued stochastic process with
states or regimes ��, �� ∈ � = (1, ……. . �) .The regime changes aim at capturing changes in the
underlying financial and economic mechanism through the observed time period.
We presume that a return

r

t

follows a simple two-state Markov switching model with different

risk premiums and different GARCH dynamics expressed as
�10 + �11 ℎ�−1 + �� , �� ~��� � 0, �2 , �� � = 1

�� =

[3]

�20 + �21 ℎ�−1 + �� , �� ~��� � 0, �2 , �� � = 2

where ℎ�−1 is the stock market return at time � − 1, �10 and �11 are the parameter estimates in
the first regime and �20 and �21 are the parameters in the second regime. The probability of
transition from one state to another is governed by
[4]

�(�� = 2 /��−1 = 1) = �1 , �(�� = 1 /��−1 = 2) = �2

where 0 < �� < 1. A small �� means that the return series has a tendency to stay in the ��ℎ state
1
with expected duration � .
�

Markov-Switching GARCH Models

We shall note our variable of interest at time t by

r .We assume that r
t

t

has zero mean and has

no serial correlation, that is, we assume the following moment conditions: �
�

r ,r
t

t 1

r

t

= 0 and

= 0 for � ≠ 0 and all � > 0 . According to McNeil et.al [15], this assumption is

realistic for high frequency returns for which the (conditional) mean is often assumed to be zero.
We allow for regime-switching in the conditional variance process. Denote by ��−1 the
information set observed up to time � − 1, that is, ��−1 = [�� , � > 0] .The general MarkovSwitching GARCH specification is expressed as: �� (��, ��−1 ~� 0, ℎ�,� , ∈�
where
� 0, ℎ�,� , ∈� is a continuous distribution with mean zero, time-varying variance ℎ�,� and
additional shape parameters gathered in the vector ∈� . The integer-valued stochastic variable �� ,
defined on the discrete space1,2, …. . , �, characterizes the Markov-swiching GARCH model. We
define the standardized innovations as ��,� = (�� /ℎ�,� )1/2 ~�(0,1, ∈� ) . According to Bollerslev
[4], the GARCH model is given by
ℎ�,� = �0,� + �1,��2�−1 + ��ℎ�,�−1

[5]

for � = 1, …. . � . In this case, we have �� = (�0,� , �1,� , �� )� . In order to ensure non-negativity
(positivity), we demand that �0,� > 0, �1,� ≥ 0 and �� ≥ 0 .Covariance-stationarity in each
regime is obtained by requiring (�1,� + �� ) < 1 .
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RESULTS AND DISCUSSION
Empirical Data
In our analysis we focus on the daily, weekly and monthly closing prices and trading volume as
reported in FTSE100 index in London, S&P500 index in New-York and NSE20 share index in
Nairobi. All the returns and volume are calculated as the first difference of the log of the daily,
weekly and monthly closing price and volume.
Descriptive statistics
The basic statistical properties of the data are presented in table 1. The mean index returns are
positive for all the index return series and close to zero. The positive mean of index returns is an
indication that investors in these markets have earned a positive rate of return on their investment.
The mean of volume for all series is positive except for the FTSE100 daily and NSE20 weekly
indices. We observe that the mean of returns and volume are close to zero, however, as the data
changes from daily to monthly, the means slightly increases. We further report that the standard
deviations of monthly return series are higher in most of the time series than those for weekly
and daily return series. There is negative skewness in most of the time series except for the
NSE20 daily and weekly index returns and S&P500 and NSE20 weekly index volume which
implies that the distribution of all the return series except NSE20 daily and weekly index returns
and S&P500 and NSE20 weekly volume have long tail to the left. The distribution of all the
return series and volume is leptokurtic as implied by the positive values of the kurtosis
coefficients. Most return series have heavy tails as exhibited by the skewness and kurtosis
coefficients which are statistically different from those of normal distribution which are 0 and 3
respectively. The kurtosis and the Jarque-Bera (JB) statistic decrease as the time scale increases
from daily to monthly observations. The assumption of normality is clearly rejected by the
values for JB statistic and this indicates presence of Heteroscedasticity.

Table 1: Descriptive statistics for daily, weekly and monthly stock returns and volume
Market

Time
Series

FTSE100 index

Returns

S&P500 index

Obs

D
W
M
Volume D
W
M
Returns D
W
M

Nobs

Mean

Std
Dev

Skewness Ex.Kurt J-B
test

4348
886
203
4348
886
203
4275
918

5.00e-4
2.43e-4
9.83e-4
-2.1e-4
1.1e-4
3.9e-4
1.72e-4
8.43e-4

0.012
0.024
0.040
0.351
0.025
0.042
0.012
0.024

-0.159
-1.111
-0.715
-0.011
-1.183
-0.695
-0.220
-0.928

6.757
12.556
0.889
13.418
12.908
0.715
9.389
8.091

83000
6035.2
24.84
32,652
3535
1,299
15757
2651.3

203

3.31e-3

0.042

-0.861

1.888

57.16
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Volume D
4275 1.03e-3 0.782
0.093
2.224
W
918
3.92e-3 0.880
-0.007
1.601
M
203
0.01033 1.036
-0.232
1.286
NSE20 index
Returns D
4271 1.56e-4 0.009
0.393
11.322
W
879
7.56e-4 0.026
0.418
5.872
M
200
3.36e-3 0.060
-0.467
2.185
Volume D
4271 1.8e-4
0.1891 -0.096
9.017
W
879
-1.1e-3
0.2511
0.093
7.797
M
200
4.2e-3
0.1600 -0.039
0.452
D=daily, W=weekly, M=monthly observations and Nobs=Number of observations

14,507
2341
2.05
22949
1296.9
49.06
888.1
95.08
16.54

Empirical Findings and Discussion
Figure 1 to 3 presents a time series plot of the FTSE100, S&P500 and NSE20 adjusted closing
prices and volume for the three frequencies (daily, weekly and monthly observations). The plots
reports clearly that the series have trend which is an indication that the means and variances of
the time series are non-constant and therefore we can conclude that the data is non-stationary.
Moreover, volatility clustering, that is, low volatility is followed by low volatility and high
volatility is followed by high volatility, is evidently implied by the plots of index returns
volatilities in Figures 4 to 6 for the three frequencies.
We estimate GARCH (1, 1) model assuming normality. Table 2 presents the results for
parameter estimates for the daily, weekly and monthly index returns series. The condition �1 +
�1 < 1 and �0 > 0, �1 > 0 ��� �1 > 0 , which is significant for mean reverting (volatility
persistence) process is met by the results. This implies that conditional volatilities are mean
reverting for all the time series and frequencies and that the GARCH (1, 1) model is weakly
stationary. Further, we note that, in most of the cases monthly conditional volatilities of index
returns tend to revert quickly towards the mean as compared to weekly and daily conditional
volatilities. Moreover, the first three coefficients �0 (constant), ARCH term (�1 ) and GARCH
term (�1 ) are highly significant for the three indices returns for all time scale observations with
the exception that �0 is not significant for monthly observations of FTSE100,S&P500 and
NSE20 indices and � is not significant for FTSE100( monthly) and NSE20(daily, weekly and
monthly) indices. The significance of these parameters is an indication that lagged conditional
variance and squared disturbance has an impact on conditional variance which means volatility
news from the previous periods has the power to explain current volatility.
Table 4 to 6 presents the parameter estimates and transition probabilities for Regime Switching
model for FTSE100, S&P500 and NSE20 index returns. As for the case of daily index returns,
the parameter estimates are significant in both regimes except for FTSE100 in regime one which
is not significant whereas in weekly index returns, only the parameter estimates for FTSE100
index are significant and all the parameters in S&P500 and NSE20 stock markets are not
significant. Lastly, the results for monthly index returns indicate that the parameters are only
significant in regime one for FTSE100 and S&P500. We also note that the probability that return
series will transit from regime 1 to 2 is very low. However, once in one regime the process tends
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to remain there for a long time. The probability of being in regime 1 is higher than that of staying
in regime 2 for all the daily time series whereas for weekly return series regime 1 has the highest
probability of staying in regime 1 than in regime 2 for FTSE100 and S&P500 index returns. as
for monthly return series, only FTSE100 has the highest volatility of staying in regime 1 than in
regime 2. This means that the return series process for emerging market stays in high volatility
regime for long than in low volatility regime contrary to developed stock markets.

FIGURE

1: DAILY INDEX OBSERVATIONS AND VOLUME

FIGURE 2: WEEKLY INDEX OBSERVATIONS AND VOLUME

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

FIGURE 3: MONTHLY INDEX OBSERVATIONS AND VOLUME

FIGURE 4: DAILY FTSE100, S&P500 AND NSE20 INDEX RETURNS VOLATILITY

FIGURE 5: WEEKLY FTSE100, S&P500 AND NSE20 INDEX RETURNS VOLATILITY

FIGURE 6: MONTHLY FTSE100, S&P500 AND NSE20 INDEX RETURNS VOLATILITY
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Table 2: GARCH (1, 1) for returns
FTSE100 index returns
S&P500 index returns
Parameter Daily
Weekly
Monthly
Daily
Weekly
3.811e-4
1.470e-3
4.242e-3
5.254e-4
2.371e-3
�
0.001**
0.016 *
0.066
9.6e-6***
1.6e-5***
1.661e-6
2.911e-5
1.224e-4
1.627e-6
2.781e-5
�0
2.6e-7***
0.005 **
0.125
4.35e-9 ***
0.001***
1.102e-1
1.907e-1
1.826e-1
9.749e-2
2.240e-1
�1
<2e-16*** 1.5e-6 ***
0.007**
<2e-16***
1.2e-9***
8.778e-1
7.738e-1
7.396e-1
8.883e-1
7.379e-1
�1
<2e-16*** <2e-16***
1.1e-15*** <2e-16***
<2e-16***
0.988
0.9645
0.9222
0.98579
0.9619
�1 + �1
Logl
14077
2152
382
13928
2280
JB
191.3
724.1
16.18
569.2
125.56
0***
0***
0.000***
0***
0***
Q(10)
5.556
9.204
5.030
23.675
6.194
0.851
0.513
0.889
0.009
0.799
Q(15)
11.872
15.24
8.217
32.227
7.653
0.689
0.434
0.915
0.006
0.937
Q(20)
15.478
19.792
15.994
38.362
13.372
0.748
0.471
0.717
0.008
0.861
LM test
12.017
15.520
8.575
17.279
11.675
0.444
0.214
0.739
0.139
0.472
AIC
-6.473
-4.850
-3.731
-6.514
-4.959
BIC
-6.467
-4.828
-3.665
-6.508
-4.938
Note: *, **, and *** indicate significance at 5%, 1% and 0.1% respectively.

Monthly
7.90e-3
8.5e-5***
5.79e-5
0.167
2.45e-1
1.0e-3***
7.32e-1
<2e-16***
0.977
385
12.30
0.002***
6.599
0.763
8.551
0.900
25.719
0.175
8.270
0.764
-3.755
-3.689

NSE20 index returns
Daily
Weekly
1.488e-4
4.046e-4
0.136
0.595
4.607e-6
1.30e-4
4e-15 ***
2.9e-6***
2.68e-1
3.44e-1
<2e-16*** 2.4e-7***
6.92e-1
4.833e-1
<2e-16*** 9 e-10***
0.960
0.8273
15066
2072
7089
274.64
0***
0***
527.81
67.78
0***
1.19e-10
547
81.68
0***
3.435
560.381
94.141
0***
1.39e-11
10.585
12.189
0.565
0.431
-7.053
-4.707
-7.047
-4.685

Monthly
0.003
0.406
0.0003
0.145
0.157
0.049*
0.755
8.3e-13***
0.912
287
9.711
0.008***
26.928
0.003
29.50
0.014
34.791
0.021
17.100
0.146
-2.840
-2.774

Q (10), Q (15) and Q (20) are Ljung-Box tests at lag 10, 15 and 20 respectively
Logl is log likelihood, JB is Jarque-Bera test, AIC is the Akaike Information Criterion, BIC is the Bayesian Information
Criterion
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Table 3: GARCH (1, 1) for Trading volume
FTSE100 Index Volume
S&P500 Index Volume
Parameter Daily
Weekly
Monthly
Daily
Weekly
-0.0021
-0.0075
-0.005166
-4.3e-4
-0.0108
�
0.577
0.404
0.73976
0.95802
0.129
0.0070
0.0369
0.0024
0.0129
0.0322
�0
9.8e-12**
<2e-16*** 0.3221
3.7e-5***
1.2e-6***
�1
0.1820
0.5077
0.2442
0.4259
0.2832
<2e-16*** 1e-12***
0.002**
0.0015**
7.1e-6***
0.7715
0.3939
0.7953
0.0823
0.2030
�1
<2e-16*** <2e-16*** <2e-16***
0.4886
0.124
0.9535
0.3939
1.0395
0.5082
0.4862
�1 + �1
Logl
-943.9
-321
-43.679
97.629
25.84
JB
7295
8707.2
291.67
0.0045
897.82
0***
0 ***
0***
0.997
0***
Q(10)
545.2
52.15
61.35
63.53
113.98
0 ***
1.07e-7*** 2e-9***
7.7e-10***
0 ***
Q(15)
670.18
82.428
106.19
111.0
123.95
0***
2.5e-11*** 8.9e-16*** 1.1e-16***
0***
Q(20)
781.3138
98.48
141.32
127.74
144.87
0 ***
2.4e-12***
0***
0***
0 ***
LM test
28.823
2.4947
12.483
6.614
17.06
0.0041*** 0.9981
0.4077
0.882
0.147
AIC
0.4360
0.7336
0.4698
-0.9224
-0.0476
BIC
0.4419
0.755
0.5351
-0.8572
-0.0266
Note: *, **, and *** indicate significance at 5%, 1% and 0.1% respectively.

NSE20 Index Volume
Monthly
Daily
Weekly
-4.3e-4
8.5e-3
0.01462
0.95802
0.867
0.52937
0.0129
5.73e-1
0.0446
3.7e-5***
2e-16***
0.1109
0.42605
0.4036
0.1467
0.0015**
5.4e-5*** 0.0053**
0.0823
1e-8
0.8034
0.4886
<2e-16***
0.5084
0.4036
0.9501
97.63
-275.2
-1081
0.0045
1.996
213.5
0.9977
0.3686
0***
63.52
46.59
142.4
7.7e-10*** 1.12e-6*** 0 ***
11
5 53.47
152.88
1.1e-16*** 3.2e-6***
0 ***
127.74
55.14
165.9
0 ***
3.9e-5***
0 ***
6.614
17.533
11.66
0.882
0.1306
0.4734
-0.9225
2.7920
2.470
-0.8572
2.8580
2.4918

Q (10), Q (15) and Q (20) are Ljung-Box tests at lag 10, 15 and 20 respectively

Monthly
8.455e-3
0.867
5.7e-1
2e-16***
5.0e-1
5.4e-5***
1e-8
0.500
-275
1.996
0.3686
46.59
1.1e-6***
53.47
3.22e-6***
55.14
3.9e-5***
17.533
0.1306
2.792
2.8580
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Logl is log likelihood, JB is Jarque-Bera test, AIC is the Akaike Information Criterion, BIC is the Bayesian Information
Criterion
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Table 4: Regime switching model FTSE100, S&P500 and NSE20 daily index returns
FTSE100
S&P500
NSE20
Regime
Estimate P-value
Estimate P-value
Estimate P-value
1
�10 0.0005 5.733e-07***
0.0007 2.56e-12 ***
0.0001 0.3173
-0.0524 0.005817 **
0.2905 <2e-16 ***
�11 -0.0089 0.6579
2
-0.0012 0.0455003 *
0.0003 0.6682
�20 -0.0010 0.04550 *
-0.0981 0.0006034*** 0.3742 <2e-16 ***
�21 -0.0579 0.04219 *
R1
R2
R1
R2
R1
R2
R1 0.9902 0.0232 R 1 0.9903 0.0232
R 1 0.9689 0.1478
R2 0.0098 0.9768 R 2 0.0097 0.9768
R2 0.0311 0.8522
Table 5: Regime switching model FTSE100, S&P500 and NSE20 Weekly index returns
FTSE100
S&P500
NSE20
Regime
Estimate P-value
Estimate P-value
Estimate P-value
1
0.0007 0.8155
-0.0070 0.05185
�10 0.0035 5.434e-09 ***
0.0852 0.2380
-0.1052 0.18299
�11 -0.1217 0.005046 **
2
�20 0.0021 0.0027 **
-0.0045 0.05041
0.0006 0.3173
-0.0486 0.42255
0.2123 2.15e-06***
�21 -0.0707 0.1121
R1
R2
R1
R2
R1
R2
R1 0.8874 0.0302
R 1 0.9793 0.0430
R 1 0.8113 0.0643
R 2 0.1126 0.9698
R 2 0.0207 0.9570
R2 0.1887 0.9357
Table 6: Regime switching model for FTSE100, S&P500 and NSE20 Monthly index returns
Regime
1
2

�10
�11
�20
�21

FTSE100
Estimate P-value
0.0125 1.906e-07 ***
-0.3922 9.354e-06***
-0.0100 0.1356
0.0772 0.5072
R1 R2
R 1 0.9476 0.0679
R 2 0.0524 0.9321

S&P500
Estimate
P-value
0.0134 2.36e-08 ***
-0.2174 0.02938 *
-0.0033 0.56266
0.1883 0.06279
R1
R2
R 1 0.9665 0.0279
R 2 0.0335 0.9723

NSE20
Estimate P-value
-0.0050 0.5215
1.4178 0.1946
0.0043 0.1112
0.0396 0.5348
R1 R2
R 1 0.0169 0.1997
R 2 0.9831 0.8003

Tables 7, 8 and 9 presents the MSGARCH (1, 1) parameters estimates for FTSE100,S&P500
and NSE20 daily, weekly and monthly index returns. We note that all the parameters are
statistically significant an they signify that the volatility process evolution is heterogeneous
across the two regimes. In fact, we note that the two regimes report different unconditional
volatility levels as well as different volatility persistence. For instance, the first regime for daily
FTSE100, S&P500 and NSE20 indices reports �1,1 +�1 ≈ 0.9914 , �1,1 +�1 ≈ 0.9815 and
�1,1+�1 ≈ 0.9536 while the second regime reports �2,2 + �2 ≈ 0.9662 , �1,1 +�1 ≈ 0.9959
and �1,1+�1 ≈ 0.6492 respectively. The volatility persistence is generally high in the second
regime for the three indices except in the FTSE100 (daily and monthly) and NSE20 (daily)
indices returns. The significance of this property is that the first regime is characterized by low
unconditional volatility and low persistence of the volatility process while the second regime is
139

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

characterized by high unconditional volatility and high persistence of the volatility process.
Evidently, regime one would be perceived as “steady market conditions” with low volatility
levels and while regime two as “unstable market conditions” with high volatility levels and
strong persistence. This is also confirmed by the transition probabilities which reports that
process has the tendency to spend more time in regime one (low volatility).
The Markov chain transition probabilities indicate how the return series process moves from
regime 1(low volatility) to regime 2 (high volatility). We notice that the probabilities of
transiting from regime 1 to regime 2 are very low and consequently the probabilities of staying at
the same state are very high. This means that when the process is at one regime, the probability
of changing regime is very low. In general, all the probabilities spend more time at regime 1 than
in state 2 except for FTSE100 and NSE20 weekly index returns and S&P500 and NSE20
monthly index returns which reports contrary results.
Table 7: MSGARCH (1, 1) model for FTSE100, S&P500 and NSE20 Daily index returns
Parameter
�0,1
�1,1
�1
xi_1
�2,1
�2,2
�2
xi_2
�11 +�1
�2,2 +�2
Transition
probabilities
Logl
AIC
BIC

FTSE100
Estimate
0.0000
0.0332
0.9582
0.9232
0.0000
0.2433
0.7229
0.7937
0.9914
0.9662

P-value
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16

R1
R2
R1 0.9839 0.0161
R2 0.0367 0.9633
14110.6898
-28201.3795
-28137.6048

S&P500
Estimate
0.0000
0.0678
0.9137
0.9084
0.0000
0.2268
0.7691
0.7683
0.9815
0.9959

P-value
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16

R1
R2
R1 0.7275 0.2725
R2 0.9737 0.0263
14013.3058
-28006.6115
-27943.0061

NSE20
Estimate P-value
0.0000
3.360e-03
0.0070
1.145e-01
0.9466
<1e-16
0.9960
<1e-16
0.0001
3.127e-04
0.2896
7.236e-03
0.3596
3.235e-03
1.0403
<1e-16
0.9536
0.6492
R1
R2
R1 0.9625 0.0375
R2 0.1254 0.8746
15270.0962
-30520.1925
-30456.5964

Table 8: MSGARCH (1, 1) model for FTSE100, S&P500 and NSE20 weekly index returns
par

FTSE100
Estimate P-value

S&P500
Estimate P-value

NSE20
Estimate

P-value
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�0,1
�1,1
�1
xi_1
�2,1
�2,2
�2
xi_2�1,1 +�1
�2,2+�2
Transition
probabilities
Logl
AIC
BIC

0.0000
0.0875
0.8466
0.8206
0.0021
0.8883
0.1113
0.0664
0.9341
0.9996

<1e-16
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16
<1e-16

R1
R2
R1 0.9525 0.0475
R2 0.9999 0.0001
2194.9417
-4369.8834
-4322.0162

0.0000
0.0318
0.9372
0.9973
0.0001
0.3239
0.6565
0.6510
0.969
0.9804

3.203e-01
4.391e-02
<1e-16
<1e-16
3.621e-03
1.406e-01
<1e-16
<1e-16

R1
R2
R1 0.3341 0.6659
R2 0.6192 0.3808
2302.9038
-4585.8075
-4537.5855

0.0001
0.0861
0.6108
1.0041
0.0002
0.1671
0.8199
1.0352
0.6969
0.987

4.749e-02
2.607e-01
2.702e-05
<1e-16
1.771e-01
2.904e-01
<1e-16
<1e-16

R1
R2
R1 0.8795 0.1205
R2 0.3221 0.6779
2118.0534
-4216.1068
-4168.319

Table 9: MSGARCH (1, 1) model for FTSE100, S&P500 and NSE20 Monthly index
returns
par

xi_1

�0,1
�1,1
�1
�2,1
�2,2
�2

xi_2
�1,1+�1
�2,2+�2

FTSE100
Estimate
0.0000
0.0193
0.9591
0.8495
0.0001
0.2226
0.7549
0.3972
0.9784
0.9775

P-value
3.492e-01
3.374e-01
<1e-16
2.118e-13
9.826e-03
3.788e-02
<1e-16
3.172e-11

S&P500
Estimate
0.0001
0.2031
0.7470
0.6694
0.0001
0.2030
0.7473
0.6694
0.9501
0.9503

P-value
1.783e-01
2.153e-01
<1e-16
1.041e-08
2.341e-01
2.643e-01
<1e-16
3.615e-06

NSE20
Estimate P-value
0.0015
2.254e-08
0.0000
4.949e-01
0.0046
7.940e-02
0.6517
2.737e-06
0.0002
3.043e-02
0.0675
3.470e-02
0.9305
<1e-16
0.3369
3.357e-07
0.0046
0.998

Transition
probabilities

R1
R2
R1 0.9930 0.0070
R2 0.0062 0.9938

R1
R2
R1 0.9821 0.0179
R2 0.0241 0.9759

R1
R2
R1 0.8579 0.1421
R2 0.2522 0.7478

Logl
AIC
BIC

392.9791
-765.9583
-732.826

386.1737
-752.3474
-719.2154

296.1348
-572.2696
-539.2864

Table 10 presents the correlation coefficients between index returns and volume. We find that a
negative relationship exists between stock index returns and trading volume in developed stock
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markets (FTSE100 and S&P500 indices) while the relationship is positive for emerging stock
market(NSE20 index).

Table 10: Correlation between indices return and volume
Daily
Weekly
Monthly

FTSE index
-0.050
-0.070
-0.198

NSE20 index
0.008
0.068
0.138

S&P500 index
-0.036
-0.121
-0.202

CONCLUSION
In this paper, the dynamic relationship between stock returns, volatility and trading volume in
both developed and emerging stock markets is investigated. The results we find in this paper
provide evidence that the behavior of the three stock indices returns and volume has common
characteristics of many daily, weekly and monthly financial time series. The data exhibits a
considerable kurtosis, which can be related to the time- dependence in conditional variance and
also the distribution of all the time series (returns and volume) is relatively asymmetric. As a
result of these two characteristics, all the time series data for returns and volume, shows a
significant departure from normality and existence of conditional heteroscedasticity. All the
series exhibits asymmetric behavior in the conditional variance which is related to leverage
effects by many authors. The study finds strong evidence of volatility clustering, leverage effects
and leptokurtic distribution for the indices returns and volume. The regime switching and
MSGARCH models reveal that the two series oscillate between two regimes, that is, regime
one(low volatility) and regime two (high volatility). Regime one is characterized by low
unconditional volatility and low persistence of volatility while regime two is characterized by
high unconditional volatility and high persistence of the volatility process. Moreover, we find
negative relationship between stock returns and volume in developed stock markets (FTSE100
and S&P500 indices) and a positive relationship in emerging stock market. Finally, we observe
that MSGARCH(1,1) is a better model compared to GARCH(1,1) as revealed by the loglikelihood, Akaike Information Criterion(AIC) and Bayesian Information Criterion(BIC) values.
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Abstract
Many heat transfer processes in engineering problems in areas such as nuclear reactors and
electronics, as well as in biomedicine and food industry require the knowledge of nanofluids.
Consequently, investigations leading to understanding of the role played by nanofluids in heat
transfer enhancement in these processes is vital. Currently, numerous studies are being
conducted on nanofluids for the benefits associated with low energy costs and less negative
environmental impact in industry and society. In the studies, water is commonly used as base for
nanofluids in heat transfer applications due to its ability and availability for heat transport. In
most of these investigations influence of nanoparticles have been analyzed to determine
enhancement of energy transfer on stretched sheets. In this research, magnetohydrodynamic
mixed convection flow of a nanofluid over a stretching sheet with water equally as the base fluid
and either Copper or Silver as nanoparticles is examined anddiscussed. The physical problem is
modeled using systems of unsteady nonlinear differential equations (DE) subject to prescribed
boundary and initial conditions, which are then studied using Finite volume approach. These DE
comprise of the classical continuity, momentum, concentration and energy equations, which are
subsequently non dimensionalized and discretized in rectangular domain. The effect of
nanoparticle volume fraction values on velocity, temperature and concentration profiles are
discussed.
Key words: Nanofluid, straight stretching surface, mixed convection, finite volume method.

INTRODUCTION
In recent years, extensive research has been conducted on manufacturing materials whose grain
sizes are measured in nanometers. These materials have thermal, electrical, and chemical
properties, hence can be applied this emerging nanotechnology to enhance thermal energy in
engineering. Nanometer-sized particles can be suspended in industrial heat transfer fluids such as
water, ethylene glycol, or oil to produce a new class of engineered fluids with high thermal
conductivity.
Thermal conductivities of most solid materials are higher than those of liquids, therefore thermal
conductivities of particle fluid mixtures are expected to increase. Fluids with higher thermal
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conductivities would have potentials for many thermal management applications. Due to the very
small size of the suspended particles, nanoparticle fluid mixtures could be suitable as heat
transfer fluids in many existing heat transfer devices, including those miniature devices in
which sizes of components and flow passages are small. Nanoparticles also act as a lubricating
medium when they are in contact with other solid surfaces.
Nanofluid is a very active field of study especially within the engineering community and it is
experiencing rapid development in research and applications worldwide, as a result of interesting
features such as increased thermal conductivity. Low thermal conductivity of convectional fluids
is improved when solid particles are added [6].
In this study, an unsteady MHD mixed convection boundary layer nanofluid flow as a result of
stretching surface is conducted using Finite Volume Method (FVM). FVM has emerged as a
powerful alternative to other numerical methods such spectral relaxation method, Rungekutta
method, and backward facing step method, finite-difference method, scaling transformations,
direct numerical simulation, Finite Element method, homotopy analysis method, marker-and-cell
method and perturbation method have been used to solve the linear partial differential,
particularly in case where better accuracy is required due to difficulties such as stress
concentration or where the domain extends to infinity.
Researchers have studied properties of nanofluid, thermal conductivity of nanofluid, flow on a
stretching surface and a few on finite volume approach.[12] discussed Teerapong Borirak
experimental investigation of titanium nanofluids on the heat pipe thermal efficiency. The
enhancement heat transfer of the heat transfer devices was done by changing the fluid transport
properties and flow features of working fluids. The heat pipe was fabricated from the straight
copper tube with the outer diameter of 15mm and length of 600 mm. The heat pipe with the deionic water, alcohol, and nanofluids) were tested. They used titanium nanoparticles with
diameter of 21 nm which the mixtures of alcohol and nanoparticles were prepared using an
ultrasonic homogenizer. Results showed the nanoparticles have a significant effect on the
enhancement of thermal efficiency of heat pipe. [5], illustrated the frequent and wide occurrence
of non-Newtonian fluid behavior in a diverse range of applications, both in nature and in
technology. He used materials as foams, suspensions, polymer solutions and melts. Each type of
non-Newtonian fluid behavior were illustrated via experimental data on real materials and results
showed that nanofluid are good in transferring heat. Properties of Gold-water using molecular
dynamics was explored by [7]. His study treats the case of a gold–water nanofluid at different
particle volume fractions between o.o1and 0.15 volumes. He used water confined between gold
nanolayers for him comprehend physical phenomena at the interface of gold and water using
different plates. He treated nanofluid as ideal mixture which was proved correct. Heat transfer
enhancement by using nanofluids in forced convection flows was analyzed by [14]. Uniformly
heated tube and a system of parallel, coaxial and heated disks was made use of. Numerical
results, as obtained for water and Ethylene Glycol mixtures showed the inclusion of
nanoparticles into the base fluids produced a considerable augmentation of the heat transfer
coefficient that clearly increased with an increase of the particle concentration. Ethylene glycol
nanofluid offered a better heat transfer enhancement than water. [10], examined an assessment of
the effectiveness of nanofluids for single-phase and two-phase heat transfer in micro-channels.
Experiments were performed to explore the micro-channel cooling benefits of water-based
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nanofluids containing small concentrations of Aluminium oxide. The high thermal conductivity
of nanoparticles was shown to enhance the single-phase heat transfer coefficient, especially for
laminar flow. Higher heat transfer coefficients were achieved mostly in the entrance region of
micro-channels. However, the enhancement was weaker in the fully developed region, proving
that nanoparticles have an appreciable effect on thermal boundary layer development. A room
temperature enquiry consisting of water and nanofluids consisting of Silver-Aluminium as well
as Silver-Copper nanoparticles was conducted by [5]. It was found that the suspensions of SilverAluminium nanoparticles showed enhancement in thermal conductivity slightly more than
Silver-Copper nanoparticle suspensions. Also, the suspensions of carbon nanotubes in different
fluids were found to possess increasing enhancement. A study on estimation of heat transfer
coefficient and friction factor in the transition flow with low volume concentration of
Aluminium oxide nanofluid flowing in a circular tube and with twisted tape was examined by
[13]. They evaluated heat transfer coefficient and friction factor for flow in a tube and with
twisted tape inserts in the transition range of flow with Aluminium oxide nanofluid. Findings
showed considerable enhancement of convective heat transfer with Aluminium oxide nanofluids
compared to flow with water. [1], researched on melting effect on unsteady hydromagnetic Flow
of a nanofluid past a stretching Sheet. Unsteady, laminar, boundary-layer flow with heat and
mass transfer of a nanofluid along a horizontal stretching plate in the presence of a transverse
magnetic field, melting and heat generation or absorption effects was explored. The model used
for the nanofluid incorporates the effects of Brownian motion and thermophoresis. The
governing partial differential equations were transformed into a set of non-similar equations and
solved numerically by an efficient implicit, iterative, finite-difference method. Numerical results
for the steady-state velocity, temperature and nanoparticles volume fraction profiles as well as
the time histories of the skin-friction coefficient, Nusselt number and the Sherwood number were
presented graphically and discussed. A study on effect of partial slip boundary condition on the
flow and heat transfer of nanofluids past stretching sheet prescribed constant wall temperature
was appraised by [2]. They analyzed the development of the slip effects on the boundary layer
flow and heat transfer over a stretching surface in the presence of nanoparticle fractions. In the
modeling of nanofluid the dynamic effects including the Brownian motion and thermophoresis
are taken into account. In the case of constant wall temperature a similarity solution was
presented. The solution depends on a Prandtl number, slip factor, Brownian motion number,
Lewis number, and thermophoresis number. The dependency of the local Nusselt and local
Sherwood numbers on these five parameters was numerically investigated. The results showed
the flow velocity and the surface shear stress on the stretching sheet and also reduced Nusselt
number and reduced Sherwood number were strongly influenced by the slip parameter. Unsteady
flow of a nanofluid in the stagnation point region of a time-dependent rotating sphere was
investigated by [3] .The boundary layer equations were normalized via similarity variables and
solved numerically. The nanofluid was treated as a two-component mixture that incorporated the
effects of Brownian diffusion and thermophoresis together as two ways of slip velocity in
laminar flows. [9], analyzed MHD flow of nanofluids over an exponentially stretching sheet in a
porous medium with convective boundary conditions. An incompressible fluid fills the porous
space and study was made for the nanoparticles namely Copper, silver, Alumina and Titanium
Oxide and water as the base fluid. The non-linear partial differential equations (PDE) governing
the flow were reduced to an ordinary differential equation (ODE) by similarity transformations.
The obtained equations were solved for the development of series solutions and convergence of
the obtained series solutions was analyzed. An inquiry on heat transfer augmentation in a
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differentially heated square cavity using copper–water nanofluid was carried out by [4]. [11],
researched on nanofluid flow over a stretching surface in presence of chemical reaction and
thermal radiation. They focused on a steady MHD boundary layer flow of an electrically
conducting nanofluid over vertical permeable stretching surface with variable stream conditions.
The group theoretic method was used to simplify the governing partial differential equations.
The reduced governing equations are solved using a fourth order Runge-Kutta method and
Shooting techniques to predict the heat and mass transfer characteristics of the nanofluid flow.
Numerical results converged.
From the foregoing literature review, what many of the researches carried out shows that MHD
nanofluid flow to a stretching surface has not been explored much and the few who have
ventured into stretching surface did not pay attention to a straight surface. Also different
methods have been used by researchers to solve problems but in my case I will use FVM since it
is convergent and bound.
DESCRIPTION AND FORMULATION
Description of problem
In the current study, consider unsteady laminar MHD mixed convective nanofluid flow as a
result of straight stretching surface situated at x axis with stretching velocity � = ��, where b is
a constant. Let suction velocity be � = �� , the temperature at the wall � = �� and nanoparticle
concentration at the stretching surface are � = �� . The temperature of the free stream nanofluid
is � = �∞ and and the ambient concentration is �∞ . The x is along the stretching surface and y
direction is orthogonal to the stretching surface. The flow experiences magnetic force.
The boundary and initial conditions are � = 0, � = 0, � = �� , � = �� �� � < 0.
The properties of nanofluid are defined as follows, [8]
��� =

��

1−�

�� + �� + 2� �� − ��

, ��� ��
�� + 2�� + � �� − ��
= 1 − � ��� + � ��� , ��� = 1 − � �� + ��� , �0

2.5

, ��� = ��

= 1−�

2.5

�

1−�+�

�

��
��

, �� = 1 − � + �

���

���

�

�

where the subscripts � denote base fluid while � represent the nanoparticle. In this study �
represent nanoparticle volume fraction. The thermal properties of base fluid and nanoparticle are
in the table below.
Table1: Thermal physical properties of pure water, copper and silver nanoparticles
Physical properties

Base fluid (water)

Copper

Silver (Ag)

�� (j/kgk)

4179

385

235
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� ��/�3

997.1

8933

10500

0.613

401

429

� × 107 (�2 /�)

1.47

1163.1

1738.6

21

1.67

1.89

� �/��

� × 105 (�−1 )

Governing equations
Velocity, temperature and concentration in the boundary layer are governed by continuity,
momentum, thermal energy and concentration equations listed below.
��
��

��

��

+

��
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+ � �� + � �� = �� ��2 +
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��

�

��
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− � � − �∞ .

� − �∞ .
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(3)
(4)

Where u, �, � and � denote velocity component along x axis, velocity component along y axis,
temperature and concentration respectively. In the free stream momentum (2) reduces to
��∞

1 ��

���
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=− �∞
��

��

�2

.

− � � 0 �∞
��

Substituting equation (5) into equation (2) momentum equation simplifies to
��
��

+�

��
��

��

+�

��

= ���

�2 �
��

2 + �∞

��∞
��

�2

+ �∞ − � � � 0 + ��� � − �∞ + �� �� (� − �∞ ).
��

(6)

In order to satisfy continuity equation a stream function given by Haroun et al (2015)
�=

�∞ �� ��� �, � ,

(7)

is introduced and
�=
(8)

��

��

, � =− ��
��

.

Non-dimensionalizing governing equations
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Equations (1, 3, 4 and 6) are nondimensionalized using dimensionless variables; namely
dimensionless length along y direction �, dimensionless time �, dimensionless stream function
� �, � , dimensionless temperature � �, � and dimensionless concentration
�=�

�� �
�∞

, � = 1 − ��∞� , � �, � =
∅ �

�(�)

�−�∞

=�

� −�∞

1

�∞ �� ��

,

� �

�(�)

=

�−�∞

�� −�∞

(9)

Using equations (8) and (10) the governing equations (3), (4) and (6) reduces to
�''' + �0 1 − �
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��
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The non-dimensionalized boundary conditions and initial conditions are respectively
� �, 0 = �� , �' �, 0 = �, � �, 0 = �, ∅ �, 0 = � �� � = 0, � ≥ 0
(13)
�' �, ∞ = 1, � �, ∞ = 0, ∅ �, ∞ = 0, �� � → ∞, � ≥ 0
(14)

Equations (11), (12) and (13) can be simplified further by assuming initially the flow is steady
and unsteadiness parameter, � � = �. This results to
�3�

� �2 �

.

+ �0 2 ��2 +�0 ��� � + ��� ∅ = 0
��3
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�2 �
��2
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where �0 ��� �� are constants.

From the non dimensionalizing the following dimensionless parameters were obtained:
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Equations (15), (16) and (17) are discretized using (FVM). FVM employs integration over a
control volume. FVM is the best because it is stable, consistent, convergent, conservative and
bound. The discretized equation are obtained using the computational grid below.

Figure 1: Computational grid.
FVM linearize and decoupled system of differential equations (15),(16) and (17) into
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RESULTS AND DISCUSSION

In this study non dimensioned and discretized the governing equations have been done. Also to
comprehend the flow problem physically numerical computations are done by varying the
volume fraction, � and results are illustrated graphically. The variation is to determine the effect
of volume fraction to velocity, temperature and concentration profiles. Copper and silver are
used as the nanoparticle and water as base fluid. The graphs were plotted using Table1, � =
0.2, 0.4, 0.6, �� = 0.01, � = 0.5, ��� = 0.01, ��� = 0.01, �� = 7, �� = 2, � = 0.1, �� =
1, �� = 1, , � = 0.1 ��� � = 0.
From the graphs it is true that velocity decrease when
nanoparticle volume fraction is increased, temperature increase with increase of nanoparticle
volume fraction, while the concentration decrease.

Figure 1: Effect of variation of nanoparticle volume fraction on velocity
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Figure2: Effect of variation of nanoparticle volume fraction on temperature

Figure 2: Effect of variation of nanoparticle volume fraction on concentration
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CONCLUSION
Non dimensiolization of equation governing the flow has been achieved. FVM algorithm for
solving the governing equation has been developed. FVM has transformed the coupled
momentum, energy and concentration equations to system of linear equations. Nanoparticle
volume fraction significantly affect nanofluid velocity, temperature and concentration.
Abbreviation
b: Positive constant
�� : suction velocity

�� : Surface temperature

��: Surface concentration
�∞ : Ambient temperature

�∞ : Ambient concentration

�: Fluid velocity component along x direction
�: Fluid velocity component along y
��� : Nanofluid

density

�: Fluid pressure

��� : Nanofluid kinematic viscosity
�: Unsteadiness parameter

��

Gravitational acceleration

�� : Volumetric solutal expansion coefficient
�: Electrical conductivity
�0 : Magnetic field

�: Fluid temperature

��� : Nanofluid thermal diffusivity
�� : Fluid density

�� : Concentration mass diffusivity
�� : Concentration susceptibility
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��

��

: Nanofluid specific heat capacity at constant pressure

�: Fluid concentration

�: Volumetric rate of heat generation

�� : mean fluid

�: Chemical reaction parameter
�� : mean fluid.
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Abstract
In financial risk management, the expected shortfall is a popular risk measure which is often
considered as an alternative to Value-at-Risk. It is defined as the conditional expected loss given
that the loss is greater than a given Value-at-Risk (quantile). In this paper at hand, we have
proposed a new method to compute nonparametric prediction bands for Conditional Expected
Shortfall for returns that admits a location-scale model. Where the location (mean) function and
scale (variance) function are smooth, the error term is unknown and assumed to be uncorrelated
to the independent variable (lagged returns). The prediction bands yield a relatively small width,
indicating good performance as depicted in the literature. Hence, the prediction bands are good
especially when the returns are assumed to have a location-scale model.
Keywords: Bootstrap, Expected Shortfall, Location-Scale Model, Nonparametric Prediction
Intervals, Value-at-Risk
INTRODUCTION
Expected Shortfall (ES) is often used in portfolio risk measurement, risk capital allocation and
performance attribution. Value-at-Risk (VaR) is defined as the conditional quantile of the
portfolio loss distribution for a given horizon (it could be a day or a week) and for a given
coverage rate (for instance 0.01 or 0.05), and the ES is simply defined as the expected loss
beyond the VaR. Thus, VaR and ES measures are clear expressions about the left tail of the
return distribution.
The concept of bootstrapping hangs on the idea that the probability distribution function of the
data set available is unknown.
Therefore, the problem of constructing nonparametric prediction bands for Conditional Expected
Shortfall (CES) where the returns are assumed to have a location-scale model with
heteroscedasticity, and also distribution of the error term is assumed unknown using bootstrap
method is of interest in this paper.
The Nonparametric Predictive Intervals (NPIs) for Conditional Expected Shortfall
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Definition 1: α − mixing (Strong mixing)
Let
be the σ − algebra of events generated by {Yi,k ≤ i ≤ l} for l > k. The α − mixing
coefficient introduced by [4] is defined as
α(k) = sup

|P(AB) − P(A)P(B)|.

A∈F1i,B∈Fi∞+k
The series is said to be α − mixing if
lim α(k) = 0.
k→∞
The dependence described by the α − mixing is the weakest as it is implied by other types of
mixing.
In this paper, we assumed that the sequence {Yt} satisfies a certain weak dependence condition,
the concept of strong mixing coefficients by [4] as defined above. We further assumed that
returns considered here, Yt, admit a location-scale representation given as
(1)
where m and h > 0 are nonparametric functions defined on the range of
is independent of
Xt, and t is an independent and identically distributed (iid) innovation process with
E
and the unknown distribution function F.
From equation (1) we have
CV aR(X)τ := QY |X(τ|x) = m(Xt) + ph(Xt)q(τ)

(2)

where QY |X(τ|x) is the conditional τ−quantile associated with
is the τ−quantile associated with the error distribution F. The estimator of (2) and its properties
has been studied in [6], and

Estimation of m(X) and h(X) in equations (2) and (3) was studied by [1] and [2]. For estimation
of the error term, see our paper for more [7] details.
With estimators of the mean function m(X), the variance function h(X) and the unknown error
distribution, the estimator for Conditional Value-at-Risk (CVaR), discussed in [6] is given as
CV aR\ (x)τ := QˆY |X(τ|x) = mˆ(x) + hˆ1/2(x)qˆ(τ)

(4)

therefore, the estimator for Conditional Expected Shortfall is
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The mean and variance of the estimator (5) as discussed in [5] are as follows:
hCES
[ (x ) i u m (x )+ E( |
τ
t

E

(6)

t

> q(τ))h(x )+

b2
µ 2 (k) m 0 (x )+ E( t |
2
|
{z
=Bias

t

> q(τ))h 0 (x ) 2

}

So that,
(7)
and

=⇒ CES[(x)τ →−d CES(X)τ, and by central limit theorem we have:
(9)
Pivotal quantity (Pivot)
Def: Let X = (X1,...,Xn) be random variables with unknown joint distribution F, and let θ(F)
denote a real-valued parameter. A random variable Q(X,θ(F)) is a pivot if the distribution of
Q(X,θ(F)) is independent of all parameters. That is, X ∼ F(x|θ(F)), then Q(X,θ(F)) has the same
distribution ∀θ(F), see [8].
Consider the function estimator CES[(x)τ in (5), the asymptotic distribution of a pivotal quantity
are used to construct confidence intervals (CIs). Let us defined
the pivotal statistic given as

to be

(10)
where V ar(x)τ is the variance of the function estimator defined in (8).
Bootstrap Method
This strategy consists of estimating the distribution of the pivotal quantity given below

(11)
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using the bootstrap method. The distribution of (8) was approximated by the distribution of the
bootstrapped statistics

(12)
where ∗ denotes the bootstrap counterparts of the the estimates. Hence, we have the following
Nonparametric Prediction Intervals with (1 − τ) asymptotic coverage probability.
h

q

∗

CES[(x)τ −

q

∗

i

σ2(x) + V ard (x)τqˆ(a), CES[(x)τ +

σ2(x) + V ard (x)τqˆ(b) (13)

The Algorithm (Bootstrap)
Generate n data sets from the unknown probability model of the data generation process in (14),
with independently identically distributed random errors form some unknown probability
distribution function (pdf) F.
Calculate mˆ(x) and hˆ(x).
Generate the sequence of
, where
,

Standardized Nonparametric Residuals (SNR)

if hˆ(x) >

0

if hˆ(x) ≤ 0
and hence compute

and E

Compute for each process the CES[ ∗(x)j, j = 1,2,...,m
Compute the average function,

given by:

and the standard error between the curves is:

The lower and upper bounds of the NPIs at level τ are therefore given by
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where
instance,

is the

quantile for the standard normal distribution. For

.

Simulation Study
To examine the performance of our estimators, we conducted a simulation study considering the
following data generating location-scale model
(14)
where

m(Xt−1)

=

sin(0.5Xt−1),
and

Xt and h(t) are set to zero (0) initially, then Xt is generated recursively from (10) above.
The data generating process was used by [3] and also used by [7].
Nonparametric Prediction Intervals for CES
Daily

Returns

plot

(Simulated)

Time
Figure 2: Graph showing the 95% Conditional Expected Shortfall in blue color,
Figure 1: Plot of the simulated daily returnswhile the Upper and Lower Prediction
Intervals in red color.
showing its evolution.
NPIs 95% CES
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Ordered

95%

CES

Time
Sorted
95%

NPIs for
CES

Time

Figure 3:
Graph showing
the
95% ordered Conditional Expected
Shortfall.

Figure 4: The red lines in the first and
second panel shows the upper and lower
prediction intervals, and the blue lines in
both cases shows the 95% CES.

The time series plot of the simulated daily returns generated from the data generating process (14)
is presented in Figure 1. Looking at Figure 2 and Figure 4, the Nonparametric Prediction
Intervals by bootstrap method for Conditional Expected Shortfall performs well. Clearly, the
95% CES is contained within the prediction bands. Plotting the ordered 95% CES in Figure 3, it
shows the distribution of 95% CES over time. We can see that the width of the bands is
considerably small affirming its good performance, conforming with what is obtainable in the
literature on prediction intervals.

CONCLUSION
We proposed Nonparametric Prediction Bands for a conditional Expected Shortfall using
bootstrap method. Our approach is based on returns on assets or portfolio that have a locationscale model. Simulation study was conducted and the prediction bands was found to perform
very good.
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Abstract
Extreme events are defined as values of the event below or above a certain value called threshold.
A well-chosen threshold helps to identify the extreme levels. Several methods have been used to
determine threshold so as to analyze and model extreme events. Maximum Product of spacing is
one of these methods. However, there is a problem encountered while modeling data through
this method in that the method breaks down when there is a tie in the exceedances. This study
improved MPS method in order to determine an optimal threshold for extreme values in a data
set containing ties, estimated the GPD parameters with the optimal threshold derived and then
applied the method to determine the GPD parameters for a real market data that could be
containing ties. The study applied a method to determine optimal threshold based on improved
maximum product of spacing method and used Generalized Pareto Distribution (GPD) and Peak
over threshold (POT) methods as the basis of identifying extreme. The peaks-over-threshold
(POT) models are models for all large observations which exceed a high threshold. The POT
models are generally considered to be the most useful for practical applications. The study used
the method developed to deal with the ties to model the market volume data. This study will help
the Statisticians in different sectors of our economy to model extreme events involving ties. To
Statisticians, the structure of the extreme levels which exist in the tails of the ordinary
distributions is very important in analyzing, predicting and forecasting the likelihood of an
occurrence of extreme event.
Key Words: Generalized Pareto distribution, Peak Over Threshold, Improved MPS.

INTRODUCTION
Certain values in the tails of any distribution represent extreme events and they are pointers to
eventuality. The values in the tails are rare, few, but can have great impact on the conclusion
arrived at by the analysts. Different sectors of our life experience Extreme events and here we
mention just but a few. According to (Butterfield, 2009) Extreme low production in agriculture
results to famine if the agriculture depends on rainfall. This means that the amount of rain
experienced in that region was too low that crops dried up or very high rainfall that it destroyed
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all crops that had been planted. (Prudhome, 1999) studying extreme rainfall in mountainous
region and (Geremy, 2012) studying extreme rainfall in West Africa did observe that, how low
or high the amount of rainfall depends on the threshold attached to the rainfall in that region. In
insurance industries Box [10] while discussing tools in finance and insurance, noted that extreme
high claims by the customers that can be very dangerous for the company while extreme low
claims by the customers can be very beneficial for the company's profit.
This means that there is a critical level that the insurance company would wish it is not surpassed
and if it is, according to (Embretchet, 1997) it must be prepared for this eventuality. Very high
emissions of the waste products from the manufacturing industries are detrimental to the
environment and ozone layer. However, countries must continue to industrialize or expand their
industries for economic prosperity. Certain level of emissions must not be exceeded otherwise
the environment and ozone layer would be destroyed. The critical value for which if exceeded an
eventuality occurs is called threshold. The events beyond this threshold are called extreme events
and they happen to be at the tails of the distribution. Extreme value theory (EVT) proposed by
(Fisher, 1928) is a tool which attempts to provide us with the best possible estimate of the tail
area of the distribution. In work on the importance of tail dependence in Bivariate frequency
analysis, there are two principal kinds of model for extreme values. The oldest group of models
is the block maxima models; these are models for the largest observations collected from large
samples of identically distributed observations. For example, if we record daily or hourly losses
and profits from trading a particular instrument or group of instruments, the block maxima or
minima method provides a model which may be appropriate for the quarterly or annual
maximum of such values. According to (Balkema, 1974) and (Pickands, 1975) the block
maxima/minima methods are fitted with the generalized extreme value (GEV) distribution.
A more modern group of models is the peaks-over-threshold (POT) models; these are models for
all large observations which exceed a high threshold. The POT models are generally considered
to be the most useful for practical applications, due to a number of reasons. First, by taking all
exceedances over a suitably high threshold into account, they use the data more efficiently.
Second, they are easily extended to situations where one wants to study how the extreme levels
of a variable Y depend on some other variable X for instance, Y may be the level of tropospheric
ozone on a particular day and X a vector of meteorological variables for that day. This kind of
problem is almost impossible to handle through the annual maximum method. In order to
identify the extreme values, one must understand how the sample data collected is analyzed to
determine the extreme cases. This involves determination of the threshold and the exceedances.
These exceedances are then modeled to understand the behavior of the data in the tails. Many
methods of determining an optimal threshold have been developed.
The most common one is the graphical method proposed by (Hill, 1975) This method is however
subjective and requires experts to determine the threshold. The most successful method is the
Maximum Product of Spacing (MPS) proposed by (Cheng, 1983) . This method however
encounters a problem whenever the exceedances have a tie. To study this problem, the study
used simulated data containing ties and real data from Nairobi Securities exchange (NSE).
Events in the area outside three standard deviation in a normal distribution are termed extreme
events. Our study was based on these extreme events. Extreme events can be either beneficial or
destructive. One of the greatest challenges to a risk manager according to (Yuejian, 2002) is to
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implement risk management tools which allow for modeling rare but damaging events, and
permit the measurement of their consequences. Extreme value theory (EVT) plays a vital role in
these activities. (Coles, 2001) in his book on extreme modeling of extreme values emphasized
that, Extreme value theory relates to the asymptotic behavior of extreme observations of a
random variable. It provides the fundamentals for the statistical modeling of rare events, and is
used to compute tail risk measures.
METHODOLOGY
Improved MPS Methodology
The MPS allows efficient estimators in non-regular cases where MLE may not exist. This is
especially relevant to the GEV distribution in which the MLE does not exist when    1 , Smith

x1 , x2 ,..., xn be a random sample of independent observations from a continuous
distribution F belonging to F ,   Applying the probability transform F0 . to the order
[38]. Let

0

yields 0  F  x0,n   F  x1,n   ...  FF0

x1,n  x2,n  ...  xn,n

x

n 1, n

 1

. We define the

spacing’s as the gaps between the values of the distribution function at adjacent ordered points

Di    F  xi   F  xi 1  , where i  1, 2,..., n  1 The maximum spacing estimator of 0 is
defined as value ˆ  arg max S n  
 

sample spacing’s.

that maximizes the logarithm of the geometric mean of

S n     ln n 1  D1    . D 2    ... D n 1    

(1)

1 n1

ln Di  
n  1 i 1
The maximum spacing estimator as defined is sensitive to closely spaced observations and
especially the ties. That is, for any

xim  xim  ...  xi

Then

Di m    Di m1    ...  Di  
This therefore collapses the method. The modified MPS method proposed here is to use grouped
data frequency table. Let

x1 , x2 ,..., xn occur f1, f2 ,..., fn times

respectively. The geometric mean is given by



G  x1f1 .x2f 2 ....xnf n



1
N
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n
N
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 i 1 

1 n
ln G   fi ln xi
N i1

(2)

This leads to the modified MPS method as



Sn    ln n1 D1f1   D2f2  ...Dnfn11  

If

1 n1
 fi ln Di  
n  1 i 1

(3)

f1  f2  ...  fn1  1 then we go back to the standard MPS. The Spacing’s are such that

n

 D    1 : Under MPS, the
i 1



i

Di   are defined as:

D1    F  x1;n ,  
Di    F  xi ;n ,    F  xi 1;n ,  
Dn 1    1  F  xn ;n ,  

(4)

Therefore, Equation 3 can be partitioned as:

Sn  xi ; ,  ,   

n
1 

 f1 ln D1     fi ln Di    f n1 ln Dn1   
n 1
i 2


(5)

To estimate the parameters of a Generalized Pareto distribution, we use the equation
1




x





1  1  

 ,   0
 



G  x ; ,  ,    

 x  
,  0
 1  exp  
  


(6)

Equation 6 was substituted in equation 5
Case 1:   0
We define,
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If we let ,
1
 



x




 
K1  ln 1  1    1

 
   


1
1

 

 xi 1     
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K 2  ln  1   
  1      
  

 






 x   
K 3  ln 1    n
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(9)

Through partial differentiation of equation 9 and substituting in equation 8, we get
S' 

n
K 
K 2
1  K1
f

fi
 f n 1 3 
 1

n  1   i  2

 

S' 

n
K 
K 2
1  K1
f

fi
 f n 1 3 
 1

n  1   i  2 
 

S' 

n
K 
K 2
1  K1
  fi
 f n 1 3 
 f1
n  1  

 
i2

(10)

Which we optimize by setting them to zero to get the GPD parameter estimates ˆ, ˆ and ˆ

167

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

Case2:   0
We define

  x   
D1    1  exp    1

   
  x   
  x   
Di    exp    i 1
 exp    i



   
   
  x   
Dn 1    exp    n

   
Sn  xi ; ,  ,  

(11)
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  x    
  x1     n
1 
 xn   
 exp   i
  fn1 
 f1 ln 1  exp  
   fi ln  exp  







n  1 
  
      i 2
   
    



(12)

We define

  x    
K1  ln  1  exp    1
 
    

  x   
  x     

K 2  ln exp    i 1
 exp    i


 
   
     

 x  
K3   n

  

(13)

Through partially differentiating equation 10 and substituting in equation 12, we obtained
n
K3* 
K 2*
1  K1*
S 
  fi
 f n 1
 f1

n  1   i 2 
 
'
*

'
*

S

n
K3* 
K 2*
1  K1*

  fi
 f n 1
 f1

n  1   i 2 
 

(14)

Equation 14 was then set to zero in order to optimize and obtain gpd parameters

RESULTS AND DISCUSSION
We developed an R-code for the standard and improved MPS model where the method of
optimization was SANN.
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We simulated data from a gamma distribution with the parameters shape=2.6, scale=1:1000.
Repetitions were later introduced in the order of 0, 20, 40 and 60. The repeated values gave rise
to situations of ties. Gamma distribution is known to have fairly heavy tails. To determine our
threshold, we simulated a set of data constituting of 300 values. 100 values did not have a
repetition while 100 values had each a repetition making them to have a frequency of 2 each.
This set of data was used in the improved MPS model . After the simulation, this set of data was
reorganized in such a way that the 300 values had a frequency of 1 each regardless of whether it
was repeated or not. This set of data was used in the standard MPS model. The normal equations
derived above were used as the model for the improved MPS methodology. For our improved

fi . When the values have not tied,
the frequency fi is 1. The frequency of the first value is f1 while that of the last value is fn1 .
three parameter MPS method, each tie formed a frequency

The simulated data was used to optimize the model equation 10 for the three parameter and
equation 14 for the two parameter. The threshold, scale and shape of the GPD parameters were
therefore determined through the optimization of model 10 and 14 using the simulated data.
The simulated values had a distribution with the density shown in the figure 1

.
Figure 1:Gamma density
The density is skewed towards right figure 1. Meaning that the distribution had some extreme
values. The performance of the standard and improved MPS model was then compared using the
obtained values from the optimized results.
The table gives the results of the performance of the two parameter model for the standard and
improved MPS model.
Table 1 .Two Parameter model
Location scale
improved 736.476
standard

13.72969

725.5767 16.31062
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From Table 1, the threshold of the improved model was higher than the threshold of obtained
through the standard model. The scale of the improved model was lower than the scale of the
standard model.
The same data was used to compare the performance of the three parameter improved and
standard models and the results are as in Table 2
Table 2: Three parameter
location

scale

shape

improved 738.1303 9.483573 -0.84884
standard

726.3707 13.33941 -5.49648

In Table 2, the threshold obtained from the improved MPS model was 738.130 as compared to
that of the standard MPS model which was 726.370. The improved MPS model performed better
than the standard model. The scale parameter of the improved model was 9.48373 while that of
the standard MPS model was 13.33941. The scale parameter of the standard MPS model was
higher than that of the improved model. The shape parameter of the improved model was 0.8488
and that of the standard model was 5.49648. The standard MPS model had a higher shape
parameter compared to that of improved model.
To investigate how the parameters were behaving, we created repetitions within our simulated
data of 300 values. The repetitions were in the order of 0 repetitions, 20 repetitions, 40
repetitions and 60 repetitions. The results are shown in Table 3 for two parameter model and
Table 4 for the three parameter model.

Table 3

location

Repetitions 0

20

40

60

Improved

1111.954 1129.368 1133.003 1139.156

Standard

1111.473 1118.298 1120.145 1121.647
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Figure.1: Location parameter and Repetitions
In Table 3 and figure 1, both locations were improving as the number of repetitions increased but
the improved model indicated a higher increase in the location as the number of repetitions
increases. As compared to standard model.

Table4:scale
Repetitions 0

20

40

60

Improved

4.097801

7.830554 5.119941 4.395648

Standard

9.993496

9.99465

2.056949 3.373637

Figure. 2; Scale parameter and Repetitions
171

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

In Table 4 and figure 2 , the scale of the standard model indicates a decrease up to the 40th
repetition and then shows some increase.
The three parameter MPS model exhibited the behavior shown in figure 3, figure 4 and figure 5
Table5

location
0

20

Improved 1111.954 1129.3679
Standard

40

60

1133.003 1139.156

1111.473 1118.29819 1120.145 1121.647

Figu

re.3: Location parameter and Repetitions

Both location parameters showed an improvement as repetitions increases but the improved MPS
model in Table 5 and figure 3 indicated a higher increase. Meaning that it had a more optimal
threshold than the standard model.

Table 6

scale
0

Improved 15.4904
Standard

20

40

60

2.0094715

8.335507 21.42994

17.44149 12.0415209 4.716338 3.950339
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Figure.4:Scale parameter and Repetitions
The scale parameter of the standard model in Table 6 and figure 4 indicate a decrease all through
until the 40th repetition when it indicates some stability. The improved model initially indicated a
decrease up to the 20th repetition where it started increasing as the repetitions increased. The two
models had the same scale at the 35th repetition.
Table7

shape
0

20

40

60

Improved 0.05365

1.586433

5.54892

-4.74385

Standard

-0.0409754

-1.90142

-6.59819

-0.05918

ure.5: Shape parameter and Repetitions

Fig

In Table 7 and figure 5, at 0 repetition, both MPS model had the same shape. The standard model
then showed a decrease of the size of the shape as repetitions increased. The improved model
indicated a slow upward trend up to the 40th repetition after which it indicated a downward trend.
A real market data was used to investigate whether the data we simulated has some similar
behavior with market data. A data was sought from NSE in the sector of Investment service
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called Nairobi securities exchange limited. The density of this data was plotted and compared to
that of Gamma distribution. The data was then analyzed through both the standard MPS and the
improved MPS model. Both two parameter and three parameter models were used.

Figure. 6: Density of investment service Figure 6 shows that there were many trading volumes
concentrated between 0 and about 400000. However, there were several other values that were
extreme. This figure is very much similar to figure 1. Meaning that real data are skewed and
sometimes contains heavy tails.
Table 8: MLE and MPLE EstimatesNSE
Two parameter
Estimate

Standard

Threshold

Improved

Three parameter
Standard

Improved

573942.1463 1025881.322

573933.6022

1025908.743

Number above threshold

30

21

30

21

Proportion above

0.0508

0.0515

0.0508

0.0515

Scale Estimate

8.14E+05

6.06E+05

8.14E+05

6.06E+05

Scale standard error

5933.39

2.07E+05

2.12E+05

2.07E+05

Shape Estimate

7.76E-03

2.24E-01

2.09E-02

2.24E-01

Shape standard error

0.108

2.67E-01

1.86E-01

2.67E-01

Asymptotic var cov for scale

3.52E+07

4.28E+10

4.51E+10

4.28E+10

Asymptotic var cov for shape

1.17E-02

7.14E-02

3.47E-02

7.14E-02
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Deviance

876.5707

599.1953

876.5713

5.99E+02

Penalized Deviance

8.77E+02

599.668

876.5999

599.6657

AIC

880.5707

603.1953

8.81E+02

603.1929

Penalized AIC

603.1953

603.668

880.5999

603.6657

From Table 8, the threshold for the two parameter standard model was 573942.146 while that of
the improved model was 1025881.322. The improved model was better. The three parameter
standard model had a threshold of 573933.602 while the improved model had a threshold of
1025908.743. The threshold in the improved MPS model is better than that of the standard MPS
model. The Proportions above these threshold indicates that the cases of standard models had
more exceedances than the improved model. The AIC criterion used to select the competing
models indicates that the improved model was better than the standard model in both cases of
two and three parameter model
CONCLUSION AND RECOMMENDATIONS
The results of this study indicate that The improved MPS model performed well in determining a
more optimal threshold than the standard MPS model. When the threshold improves, it is
expected that the values above this threshold will reduce. This will in turn impact on the scale
parameter and shape parameter. Depending on how many the exceedances are, the scale may
decrease or increase. The case of standard model is to drop the values that exhibit ties and only
one value is left among the ones that had tied. The improved model does not drop of the values
even if they have a tie. It takes care of them through the frequencies. In both models, the sample
size will reduce but in case of improved model, all the values will still be taken care of by
frequencies. The case of standard model drops the values out of the sample otherwise, it would
fail. Many practical situations particularly in trading sector, exhibits the situations of ties.
Therefore, in order to model such a data, the improved model is the best tool to help in preparing
for full impact of any extreme event. This study therefore attains its objective by improving MPS
methodology so that it takes care of all situations whether they contain ties or not. Further study
need to be done to establish the actual at about 35th repetition, there was a drop in the threshold
and that at this point both scale and the shape had a changing behavior.
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Abstract
Detection of structural change in volatility of a time series is very important for understanding
volatility dynamics and the stylized facts observed in financial time series. By applying the
Nadaraya Watson kernel estimator of the mean function, estimated residuals are obtained. In this
work, a Kolmogorov Smirnov type test statistic for change point estimation is developed and
applied to conditional variances obtained from the squared residuals. The consistency of the
change point estimator is shown through simulations. The developed estimator is then applied to
KES/USD exchange rate data set to estimate a single change point.
Keywords: Volatility, Change point, Kolmogorov-Smirnov, ICSS, GARCH

INTRODUCTION
When doing change point analysis, the major point of interest is to decide if the observations
follow one model or if there is at least one-time point when the model is believed to have
changed. This therefore results in two sub-fields of change point analysis; change point detection
and change point estimation. Change point analysis normally assumes that it is possible to
segment the data into regimes and that the data structure is homogeneous within each regime. Of
importance is that the change is assumed to be abrupt (as though each occurs completely
between two observations) and not gradual or smooth. Although in many settings multiple
change-points could be of paramount interest, we shall only seek to detect change point through
the assumption of At Most One change point approach. Change point analysis can be performed
in either the offline setting or online setting or by estimating single change point versus multiple
change point among other scenarios. We define change point detection as the problem of finding
abrupt changes in data when a property of the time series changes. For each observed time series,
the instant where these structural changes occur are called change points. The time moment
when the model has changed is called change point. Other synonyms for change point include
but not limited to segmentation, structural breaks, break points, regime switching, and detecting
disorder. Unlike change point detection, change point estimation tries to model and interpret
known changes in the time series rather than identifying that a change has occurred. Change
point estimation (estimates) focus on describing the nature and degree of the known change.
Change points can be found in a wide range of literature including quality control, economics,
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medicine, environment, and even linguistics. Detection of large "homogeneous" segments of data
enables one to identify "hidden" regularities in a time series behavior and to create a
mathematical model for each segment of homogeneity. One choses change point with the
intention of maximizing the separation between two segmentation. Thus, the goal of change
point detection and estimation is to recover these segments as accurately as possible.
Statement of the problem
A good change point estimation method in conditional variance (volatility) should be sensitive to
the skewness of the observations (which does not happen when ranking is done) e.g. when
dealing with financial data. With returns, there are times of uniquely high returns and others of
uniquely low returns and thus rank bases test statistics makes the data robust to outliers. This is
because, by ranking the observations, there is mitigation of the impact of extremely high or low
returns (outliers). Reason being that regardless of how extreme an outlier is, it often receives the
same rank as if it were slightly larger than the second largest observation. This is because all
ranks are equally far apart from each other violating the stylized facts of returns. Hence, we
adopt a non-ranking method of the observations. Thus, we aim to propose a theory of estimating
the change point in volatility of a financial time series with USD/KES exchange rate dataset
application in mind. In this work, the regression function (conditional mean function) and the
conditional variance function are unknown hence we impose few or no restrictions to our data set.
The inference based on non-parametric models is usually robust against misspecification of the
underlying regression model and thus non-parametric models effectively avoid the problem of
misspecification normally found in parametric approaches, which may yield inconsistent
estimators. We thus take a non-parametric approach for our results to be robust with respect to
model specifications.
LITERATURE REVIEW
The first published article concerning change points analysis was done by (Page, 1954) who
considered testing for a potential single change point for data from a common parametric
distribution motivated by a quality control setting in manufacturing. Since then, change point
analysis has developed rapidly with considerations on either multiple change point detection and
estimation, different types of data and other assumptions being put into consideration.
(Chen G. a., 2005) proposed a procedure that was able to combine the least squares approach
which does not require specific forms of the marginal or the transitional density functions (i.e the
regression and conditional variance functions) to estimate the change points in the conditional
variance {volatility} of a non-parametric model of time series in which the regression and the
conditional variance were unknown. Further, the asymptotic properties of the estimators and test
statistics were established. The location of the change point(s) was not been specified a priori
like some other studies from previous scholars had assumed. Finally, the proposed test was
consistent and more powerful than the non-parametric ones already existing tests in literature.
Finally, the practicality of the methods was by application to the Hong Kong stock market index
(HSI) series.
Change point analysis by (Gichuhi, 2008) in Bernoulli random variables based on neural
networks motivated by a regression setting was the focus of the researcher. The parameters of the
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model were estimated using neural network method with the evidence that parameter estimates
were only identifiable up to a given family of transformations and further derived the consistency
and asymptotic normality of the network parameter estimates. A neural network based likelihood
ratio test statistic to detect a change point in a given set of data was determined. The limiting
distribution of the change point estimator was established. The results showed that the sample
size, change point location and the size of change had an influence on change point detection.
Through simulation, percentile bootstrap method showed superiority to profile log-likelihood
ratio method in determining the change point confidence intervals.
Modeling of financial volatility in the presence of abrupt changes is a research done by (Ross,
2013) where the author incorporated the ICSS GARCH algorithm to detect changes in volatility
of financial returns. Although the algorithm was simple to implement, its parameters were based
on the assumption of the financial returns following a Gaussian distribution and thus can produce
very many spurious jump points if this assumption is violated. By applying ICSS to heavy tailed
series, poor results were found since extreme observations were misinterpreted as regime shifts.
This indicated that the ICSS algorithm was only applicable to detect change points to weekly
returns and using the algorithm to daily returns could generate too many spurious false positives
for it to be useful because of the number of extreme values. Thus, due to this problem of ICSS
GARCH algorithm, the author replaced the ICSS segmentation step with a technique which was
purely based on non-parametric statistics which makes no assumptions on the true returns
distribution and which in turn allows one to ignore the Gaussian assumptions and allows for its
deployment on the daily returns which he coined NPCPM-GARCH. The author further analyzes
several stock indices for change points in volatility mainly the Dow Jones Industrial Average, the
German DAX, the VIX volatility index and the Japanese Nikkei 225. He further compared his
results with those obtained from ICSS GARCH and found that his method gave a better fit to the
data sets when measured using a standard criteria i.e at the same level of significance. The
research showed that the ICSS algorithm was not able to ignore the assumption of Gaussian,
which contradicted with the stylized facts of returns leading to the detection of very many
change points some of which did not correspond to genuine long-term changes in volatility (false
positives). This prompted the researcher to adopt the Mood test statistic in a sequential setting
and which was found to work and detect true change points with non-Gaussian data.
Non-Parametric Time Series Modelling
For a given time series �� ; � = 1,2, …� non-parametric methods are used to analyze the features
of interest. Conditional variances or conditional quartiles are required if interval forecasts or
estimates of future volatility are desired as shall be necessary in this work. Suppose we let �� =
�
log ( � � ) be the return process in period � for � = 1,2, …� and ��−1 , ��−2 , …, ��−� be the return
�−1

processes at any time periods less than �, �� is the price process of the stock in period � for � =
1,2, …� . We assume that there is a non-parametric and non-linear relationship between the
current return values and the previous return values, modeled by a non-parametric autoregressive
process of this form
�� = � ��−1 , ��−2 , …, ��−� + ��

� = 1,2, …, �

(1)
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where �� a series of innovations (random shocks) which is independent of ��−1 , …, ��−�
satisfying
� �� ��−1 , ��−2 , …, ��−� = 0

(2)

�(. ) is the conditional mean (smooth) function in period � given past time periods
��−1 , ��−2 , …, ��−� and it is the minimum mean squared error (MSE) 1-step predictor of �� . The
approximation precision of � . , increases with the sample size. Since in many situations point
forecasting is too limited an objective, and the future volatility and higher order moments are of
interest in addition to the conditional mean, we therefore let the following representation of the
innovations �� to hold
�� = � ��−1 , ��−2 , …, ��−� ��

(3)

�� = � ��−1 , ��−2 , …, ��−� + � ��−1 , ��−2 , …, ��−� ��

(4)

and thus extend equation 1 above to a more general non-parametric conditional heteroskedastic
model as in equation 4 below

� �� ��−1 = �1 , ��−2 = �2 , …, ��−� = �� = � ��−1 , ��−2 , …, ��−�
autoregressive conditional mean (smooth) function of the returns.

is

Variance �� ��−1 = �1 , ��−2 = �2 , …, ��−� = �� = �2 ��−1, ��−2 , …, ��−�
autoregressive conditional variance (smooth) function of the returns,

the

non-linear

is the non-linear

�� is an independent and identically distributed sequence of random variables with
�(�� |��−1 , …, ��−�) = 0 ,
Variance (�� |��−1 , …, ��−�) = 1

and independent of ��−1 , ��−2 , …, ��−�

Equation 4 above is a non-parametric autoregressive conditional heteroscedastic model and is the
most flexible non-parametric time series model because it does not impose any (parametric)
particular form on the conditional mean and conditional variance functions. Due to curse of
dimensionality problem, where by as the dimension � grows, statistical and computational
inefficiency comes in, we set � = 1 so that equation 4 above becomes
�� = � ��−1 + � ��−1 ��

(5)

Estimates of the functions � � and �2 � are obtained by applying the Nadaraya Watson
estimator of the unknown regression function (conditional mean at the evaluation points) and its
properties such that

�� � =

��−1 − �
��
��
��−1 − �
�
�
�=2
��

�
�
�=2

(6)
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�2� (�) =

�
�
2

��−1 − �
��

�� − � ��−1

2

(7)
��−1 − �
��
Under some assumptions, it can be shown that �� � is a consistent estimator of � � .
� . : ℝ → ℝ is a kernel function, which is continuous, symmetric, integrating to one with
bounded support [ − 1,1] in that the estimator only uses the observations in the interval (� −
�� , � + �� ) and �� is the bandwidth parameter or the tuning parameter. The bandwidth
(smoothing parameter) controls the level of neighboring such that for a given kernel function �
and a fixed � , observations ( ��−1 , �� ) with ��−1 far from � are given more weights as ��
increases. This means that the larger the bandwidth is chosen, the less the mean function �� �
is changing with . Therefore, we can conclude that the degree of smoothness of the conditional
mean function increases with the bandwidth. Therefore, it means that a weighted average of the
observations is used as an estimator for the conditional mean function .
�
�
�=2

The Nadaraya Watson kernel regression estimator was first proposed independently by
(Nadaraya E. A., 1964) and (Watson, 1964)

The estimators of the mean function and conditional variance function have shown to be strongly
consistent and asymptotically normal for � mixing observations. In this research, utilize the
Epanechnikov kernel since it is the most efficient in minimizing the Mean Integrated Squared
error putting in mind that the choice of the kernel is not as important as the choice of the
bandwidth (this does not mean we disregard the choice of the kernel).
It is important to remember that when a kernel estimator is applied to dependent data, e.g. in
financial time series returns data like in the case of this work, then it is affected only by the
dependence among the observations in a small window and not by that between all data. This
fact therefore reduces the dependence between the estimates so that most of the techniques
developed for independent data are applicable as well. This is what we shall refer to as the
Whitening by window principle. Also, the memory of the underlying process decreases with
distance between events and that the rate of decay can be estimated by the mixing conditions
some of which include the strong � mixing condition and the ɸ mixing condition as below
� (Strong) mixing condition. A sequence �� is said to be � mixing if

���
�
� � ∩ � − � � �(�) ≤ �� � = 1,2, … and �� → 0 as � → ∞ and ℱ� is the
�∈
∈ ℱ∞
�+�
� −field generated by �� , …, ��
ℱ�1 �

ɸ (Uniformly) mixing condition. This is a stronger condition which establishes that a sequence
�� is said to be ɸ mixing if

� � ∩ � − � � �(�) ≤ ɸ� � � for any � ∈ ℱ�1 and � ∈ ℱ∞
�+� and ɸ� → 0 as � → ∞ . For
more on this, visit (Robinson, 1983).
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The mixing conditions above control the dependency between �� and �� as the time distance � − �
increases. The rate at which �� and ɸ� goes to zero plays a noble role in showing the asymptotic
properties of the non-parametric smoothing procedure. These conditions are usually difficult to
check but if the process follows a stationary Markov chain, then geometric ergodicity imply
absolute regularity, which in turn implies strong mixing conditions. Proposition 6 in subsection
2.4.2.3 of (Doukhan, 2012) give conditions on �, � and the innovations that imply geometric
ergodicity of �� . This implies strong mixing properties with exponential mixing rates.
Equation 5 can generate heavy tailed distributions and we demonstrate this by considering a
simple model
�� = �(��−1 )��

with �� having a standard normal distribution. By Jensen’s inequality (Pishro-Nik, 2016),
�(�4� )

Kurtosis �� = [�

�2�

]2

�[�4 ��−1 �4� ]

= [�

�2

��−1 �2�

]2

=3

�[�4 ��−1 ]

[� �2 ��−1

2

]

≥3

(8)
(9)

This heavy tailed-ness feature implied by equation 5 makes it a successful mode for modelling
data, which exhibit heavy tails e.g. financial time series data of returns. It is important to note
that non-parametric time series approach has been highly appreciated by practitioners as a
preliminary search method aimed at establishing the final parametric model.
Single change point test statistic
In this section, we derive an estimator for change point in volatility of a non-parametric
regression model for time series as shown in equation 5. Since we are in the off-line setting and
only the conditional variance function that is changing with time, with the assumption that the
conditional mean function is not changing with time, we shall formulate the change point
problem as a hypothesis testing procedure of the following form
�0 : �2� ��−1 = �2(1) ��−1

While the at most one change point alternative is
�1 :

�2� ��−1 = �21 ��−1

�2� ��−1 = �22 ��−1

� = 1,2, …, �

for � = 1,2, …, �

(10)

(11)

for � = � + 1, …, �

We want to locate (estimate) the change point position � and probably the number of change
point (s) (Chen J. a., 2001) . The regression function (conditional mean function) �(�) , the
conditional variance function �(�), the distribution of the covariate as well as the distribution of
the errors is completely unknown and we have not made any parametric form for them meaning
our approach is fully non-parametric.
If we consider �0 when we do not have a change point in volatility, we can rewrite equation 5
�� = � ��−1 + � ��−1 ��

→ �2� = �� − � ��−1

2

= �2 ��−1 �2�

(12)
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� = 1,2, …, �.

Which in turn implies that the conditional variance function of �� .
� (�� − � ��−1

2

= �2 (��−1 )

(13)

If we consider the alternative hypothesis, �1 we can re-write the non-parametric model 3 with a
single change point in volatility as
�� = � ��−1 + �� ��−1 �� → �2� = �� − � ��−1

2

This means that under the alternative hypothesis,
� (�� − � ��−1

� = 1,2, …, �, � + 1, …, �.

2

= �2� ��−1 �2�

= �2� (��−1 )

(14)
(15)

In this work, we assume that the conditional mean function (regression function) is stable and
does not change with time but the conditional variance function is not stable and that
� �� ��−1 = 0, var �� ��−1 = 1 �(�� )4 < ∞ with �� being a sequence of random variables.
Suppose �� =

�� −�(��−1 )
�(��−1 )

, � = 1,2, …, � . We are concerned with testing non-parametrically our

hypothesis above by defining the partial sum of the squared residuals across all possible sample
segments as shown in equation 16 below
�� =

�
�=1

�2� , �� =

�
�=1

�2� , ��+1 =

�
�=�+1

�2�

(16)

Where 1 ≤ � ≤ � where �2(1) (��−1) and �2(2) (��−1 ) for � = 1,2, …, � denotes the conditional
variance functions of the sequence �2� ��=1 and �2� ��=�+1 before change point instant and after
the change point instant respectively. We propose a change point test statistic which is able to
quantify the deviation between �2(1) (��−1 )and �2(2) (��−1 ) written as �� (�21 ��−1 - �2(2) (��−1 ))
where for � ≥ 1
�� �2(1) (��−1 ) − �2(2) (��−1 ) =

�

�=1

�� �� − ��+1 |�

1
�

(17)

Motivated by the �� norm and properties of �� space, the change point test statistic and change
point estimator is constructed. We set � = 2 and work in �2 norm. �� is a weight function, which
is measurable and which depends on the sample size � and the change point position � . It gives
the sensitivity of the test statistic against different alternatives in the sense of the position of
change. The weight function is arbitrary chosen so that it satisfies the condition that
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�
�=1

�2�

�
=
�

�
�=1

�2�

1
→
�

�
�=1

�2�

�
−
�

�
�=1

�2� = 0

(18)

Simple Algebra will help derive the Kolmogorov Smirnov type statistic for change point
detection.
The Kolmogorov Smirnov type statistic upon derivation becomes
�
�
�� =
1−
�
�

1
2

1
�

�
�=1

�2�

1
−
�−�

�
�=�+1

�2�

(19)

The KS type test statistic above gives more weight to the observations at the tails of a
distribution and hence it is an appropriate statistic for change point detection especially when
handling financial time series data, which exhibit heavy tails.
Single change point estimator

The KS type estimator of change point will be the point where the KS type test statistic has its
global maximum. This is because, the global maximum will often occur at the area of true
change point (The point where we have maximum distance between the conditional variances of
the residuals). Hence, a good choice of the estimator for the time of change is as given in
equation 20 below as
� =Arg max ��

(20)

�

The estimate � is the point at which there is maximal sample evidence for a break in the squared
residual process. In the presence of a single break, we shall show, through simulation, that � is a
consistent estimator of the unknown change point �∗ .
Application of the Ks Type Estimator
Consider the model below
�� = � ��−1 + � ��−1 ��

Suppose the model has a single change point in the volatility function defined as
� ��−1 =

2 + 0.7�2�−1
��� � = 1,2, …, �
2
1 + 0.035��−1 ��� � = � + 1, …, �

� � → �� = 0.35��−1 + �� + 0.4��−1

(21)
22

Where �� = � ��−1 �� and �� is a sequence of independent and identically distributed random
variables with mean zero and variance 1 assumed from a normal distribution.

We thus create a table under different sample sizes with 1000 bootstrap samples in each. We fix
1
1
2
the change point at 3 �, 2 � and 3 �. In each simulation, the estimates of the change point highly
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depended on the locations of the change points and the sample size. The estimates were most
accurate if �∗ was fixed around the middle of the sample.

To demonstrate consistency of the change point estimator, the distance between an estimation
and the true change point index is obtained, then normalized by the size of sample (Truong,
2018). This error was found to be decreasing to zero as the size of the samples grew unbounded
which further verified the asymptotic consistency of the change point estimator. Consistency
results only deal with change point fractions and not the time indexes themselves. We investigate
1
1
2
the consistency of the estimator when the change point is fixed at 3 �, 2 � and 3 � . Note that we
are losing two observations in each simulation due to curse of dimensionality problem. The
results from table 1 below showed that the change point estimator � was a consistent estimator of
�∗ .
Table 1 : Table to demonstrate consistency of the change point estimator

Sample
size T
50

100

200

500

1000

True
change Estimated change
point instant �∗ point instant �
1
14
� → �∗ =16
3
17
1
∗
20
� → � = 24
2
2
� → �∗ = 32
3
1
26
� → �∗ =32
3
36
1
48
� → �∗ = 49
2
2
� → �∗ = 66
3
1
53
� → �∗ =66
3
80
1
107
� → �∗ = 99
2
2
� → �∗ = 132
3
1
149
� → �∗ =166
3
226
1
∗
� → � = 249 309
2
2
� → �∗ = 332
3
1
317
� → �∗ =332
3
484
1
∗
� → � = 499 645
2
2
� → �∗ = 668
3

|� − �∗ | �
→0
�
0.04167
0.14583
0.27083

0.06122
0.13265
0.18367

0.06566
0.09596
0.12626

0.03414
0.04619
0.04619

0.00751
0.01503
0.01151
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DATA ANALYSIS AND RESULTS
We apply the change point estimator to historical data set of USD/KES exchange rate data set
from 2 January 2013 to 18 March 2019 to estimate change point in the conditional variance
function (volatility) of exchange rate returns. The data set consisted of 2444 daily observations
and the plot of the exchange rates is as shown in figure 1 below

Figure 1: USD /KSH exchange rate
A plot of the returns is as shown in the figures 2 and 3 below

Figure 2: Returns ��−1

Figure 3: Returns ��
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A plot of the squared residuals is as shown in figure 4 below

Figure 4: plot of the squared residuals
A plot of the estimated conditional variances and residuals is as shown below

Figure 5: Estimated conditional variances.

Figure 6: Estimated residuals.
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Figure 7: Returns with change point
at 551

Figure 8: Returns with estimated change
points at 551 and 35

From figure 2, we investigated the possibility of a single change point and were able to estimate
it at point 551 corresponding to 13 February 2012. We also investigated the possibility of another
change point by applying binary segmentation approach. Binary segmentation procedure allows
for estimating the position of a single change point at each stage. The change point estimator is
further applied to each sub-sequence of the returns. The next change point was estimated at point
358, which corresponded to 17 May 2011 and was as shown in figure 8 above.
The corresponding plots of the change point statistics at � =551 and � =358 were as shown in
figures 9 and 10 below respectively

Figure 9: Change point statistic with estimated
Change point at point 551

Figure 10: Change point statistic with

estimated change point at point 358.

Discussions
From figure 1, there is an increasing trend between January 2010 and October 2011 where the
exchange rate prices were at the peak. Afterwards, one observes a decreasing trend after which
the exchange rates started to rise again. The historical events associated with the behavior of the
exchange rate plot were established. In 2011, there was the August 2011 stock market fall (Kibiy,
2016) because of price drop of stock prices in the stock exchanges across the major world
markets in North America, Europe and Asia. The evidence from the seventh Bi-Annual
Monetary Policy Committee Report issued by Central Bank of Kenya, in October 2011, can
further support these results. A combination of both domestic and International economic
developments during the six months period to October 2011 determined the conduct of monetary
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policy for Central Bank of Kenya overall mandate of price stability. These developments hence
resulted in an escalation of inflationary pressure and exchange rate volatility, hence distorting the
economy's recovery from the adverse effects of the global financial crisis. The USD/KSH
exchange rate depreciated from 83.89 to 101.39 in the period April 2011 to October 2011. The
depreciation of the shilling against US dollar could have been due to the buildup in the deficit in
the current account. Current account is the gap between imports and exports of goods. This was
because of a rise in imports of machinery and transport equipment, which are key inputs for the
manufacturing sector required for the economic recovery process as well as the uncertainty in the
global financial markets, caused by the debt crisis in the Eurozone.
From figure 7, to account for the change point at 17 May 2011, the foreign exchange market
witnessed significant volatility between May 2011 and October 2011 reflecting the general
volatility in the global financial markets as well as increase in demand for foreign exchange to
finance imports. The result was that the Kenyan Shilling just like other currencies in the region
and other global markets therefore weakened substantially e.g. the Kenyan shilling against the
US dollar depreciated from an average of 84.2 in March 2011 to 101.39 in October 2011
(20.42% in percentage depreciation). Other reasons attributed to the change point in volatility on
17 May 2011 were high international food and fuel prices, the drought compounded by the
conflict experienced in the Horn of Africa, the Euro crisis and major inefficiencies in Kenya’s
agriculture sector.
To account for the change point in 13 February 2012, in both Kenya and Uganda, the economies
reported slow growth at the beginning of 2012 following high inflation and high commercial
bank interest rates.
CONCLUSION AND RECOMMENDATIONS
In this paper, we have proposed a procedure to estimate change point in volatility of a time series
modelled using a non-parametric approach. This non-parametric modeling is important in
finance and non-parametric estimators are very powerful in distinguishing among many models
like derivative pricing models. We have demonstrated the consistency of the change point
estimator through simulations and seen that our estimator is consistent. One can easily extend the
method to multidimensional non-parametric models (models of higher dimension) of the form
Xt = m Xt−1 , Xt−2 , …, Xt−d + σ Xt−1 , Xt−2 , …, Xt−d zt where the regression function and the
conditional variance functions should be estimated using multivariate kernel methods. m (.) ,
σ(. ) are multiple variable � functions, while at the same time being careful on how to deal with
the curse of dimensionality problem which may lead to poor performance in higher dimensional
regression problem since for � > 2, the subspace of ℝ�+1 spanned by the data is rather empty.
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Abstract
In this article, we present results on nonparametric regression for estimating unknown finite
population totals in a model based framework. Consistent robust estimators of finite population
totals are derived using the procedure of local polynomial regression and their robustness
properties studied (see Kikechi et al (2017), Kikechi et al (2018) and Kikechi and Simwa (2018)).
Results of the bias show that the Local Polynomial estimators dominate the Horvitz-Thompson
estimator for the linear, quadratic, bump and jump populations. Further, the biases under the
model based Local Polynomial approach are much lower than those under the design based
Horvitz-Thompson approach in different populations. The MSE results show that the Local
Linear Regression estimators are performing better than the Horvitz-Thompson and Dorfman
estimators, irrespective of the model specification or misspecification. Results further indicate
that the confidence intervals generated by the model based Local Polynomial procedure are
much tighter than those generated by the design based Horvitz-Thompson method, regardless of
whether the model is specified or misspecified. It has been observed that the model based
approach outperforms the design based approach at 95% coverage rate. In terms of their
efficiency, and in comparison with other estimators that exist in the literature, it is observed that
the Local Polynomial Regression estimators are robust and are the most efficient estimators.
Generally, the Local Polynomial Regression estimators are not only superior to the popular
Kernel Regression estimators, but they are also the best among all linear smoothers including
those produced by orthogonal series and spline methods. The estimators adapt well to bias
problems at boundaries and in regions of high curvature and they do not require smoothness and
regularity conditions required by other methods such as the boundary Kernels.
Keywords: Finite population, Local polynomial regression, Model based framework,
Nonparametric regression, Robust estimators, Survey sampling.
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INTRODUCTION
The idea of nonparametric regression is introduced by Nadaraya (1964) and Watson (1964).
Several types of nonparametric regression methods such as the kernels, penalized splines and
orthogonal series are in existence (see Dorfman (1992), Hardle (1989) and Zeng & Little (2003)).
In many estimation problems, the sample is used to describe and analyze the target population
from which it was selected by estimating population parameters and other descriptive and
analytic inferences such as correlations. Some common parameters of interest for the finite
population � = �1 , �2 , …, �� � are the finite population total, the finite population mean, the
finite population variance and the finite population proportion respectively given by,

�=

�
�=1

1
�=
�

�=

��

�

�=1

1
� � =
�

�

�

1
��
�

�=1

2
�−�

2

4

3

Inferences may explore properties of the process that generate the population values (see
Bolfarine and Zacks (1991)). We assume that the finite population has been generated by a super
population model � = � �, �, � and we are interested in estimating the population parameters �,
where � = � + ��� . The super population model can be applied to predict the unobserved values
�� '� after obtaining estimates of � and � using the known auxiliary information �� ,
� = 1,2…, �(see Montanari & Ranalli (2005) and Sanchez Borrego (2009)). Using the model ξ,
the nonparametric estimator of totals, � has been derived by Dorfman (1992) who has been able
to prove the asymptotic unbiasedness and MSE consistency of this estimator. The estimator,
however suffers from sparse sample problem, and more work needs to be done to come up with
another technique that can overcome this problem. This is where the local polynomial procedure
comes in (see Kikechi et al (2017), Kikechi et al (2018) and Kikechi and Simwa (2018)).
This study therefore considers a model based approach to robust finite population total
estimation using the procedure local polynomial regression. It is typically of interest to estimate
� � , using Taylor’s expansion of the form:
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'

� � ≈ � �0 + � − �0 � �0
� − �0
+
�!

�

�� �0

� − �0
+
2!

2

�'' �0 + …
(5)

Then the estimate of � � at any value of � is obtained by the minimization problem,
min
�

�

�=1

�� − �0 − �1 �� − � − �2 �� − �
− ��

2

− … − �� �� − �

(6)

� 2

�� �

�

with respect to �0 , �1 , …, �� , where � denotes the vector of coefficients � = �0 , �1 , …, �� . The
result is therefore a weighted least squares estimator with weights �� � − �� .
Using the notations,

�=
and

1
1

1

� − �1
� − �2
⋮
� − ��

… � − �1 �
⋯ � − �2 �
,
⋱
⋮
⋯ � − �� �

�� � − �1
0
0
�� � − �2
�=
⋮
0
0
0

�1
�2
⋮
��

�=

…
0
⋯
0
⋱
⋮
⋯ �� � − ��

,

we can compute � which minimizes 6 by usual formula for a weighted least squares estimator,
� �
= �� ��

−1 �

� ��

Then, the local polynomial estimator of the regression function � � is,
� � = �0 �
= ��1 �� �� −1 �� ��

where �1 is the � × 1 vector having 1 in the first entry and 0 elsewhere.

7

8

The weighted least squares principle to be explored in the local polynomial approximation
procedure, opens a wealth of statistical knowledge and thus providing easy computations and
generalizations (see Fan and Gijbels (1996)). The local polynomial regression is one of the most
successfully applied design adaptive non parametric regression. This estimation procedure is an
attractive choice due to its flexibility and asymptotic performance. Because of its simplicity, it
can be tailored to work for many different distributional assumptions. It does not require
smoothness and regularity conditions required by other methods such as boundary kernels. The
procedure has also the advantage of adapting well to bias problems at boundaries and in regions
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of high curvature. Furthermore, it is easy to understand and interpret. The estimate is also linear
in the response, provided the fitting criterion is least squares and model selection does not
depend on the response. See Stone (1977), Fan (1992), Fan (1993) and Ruppert and Wand (1994)
among others.
In this article, we combine and present results from simulation experiments carried out by
Kikechi et al (2017), Kikechi et al (2018) and Kikechi and Simwa (2018).

THE PROPOSED ROBUST ESTIMATORS
Using the procedure of local polynomial regression for � = 0 and � = 1 , the super
population model considered for estimating the finite population total estimators is given by,
��
= � ��
+ �2 �� ��

(9)

Specifically, the following assumptions hold for the model considered in the nonparametric
regression estimation of � �� :
� ��/�� = �� = � ��

��� �� , �� /�� = �� , �� = ��
�2 �� , � = �
=
0
,
�≠�

The properties of the error are given by,

� = 1, 2, 3, …. , �

� = 1,2,3, …, � .

(10)

� = 1, 2, 3, …. , �

� = 1,2,3, …, � .

(11)

� �� /�� = �� = � ��

��� ��, �� /�� = �� , �� = ��
�2 �� , � = �
=
0
,
�≠�

The functions � �� and �2 �� are assumed to be smooth and strictly positive.
Consider the Taylor series expansion of � �� expressed as,
� �� = � �� + ℎ�

ℎ2 �2 ''
ℎ3 �3 '''
= � �� + ℎ�� �� +
� �� +
� ��
2
3
+…
'
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�� − ��
= � �� + �� − �� �' �� +
2!
3
�� − ��
+
�''' �� … .
3!

2

�'' ��

The Taylor series expansion is written in a general form expressed as,
��
= � + �� − �� �
+ ��

where �� lies in the interval [�� − ℎ, �� + ℎ] and
�� − ��
�� =
2!

2

�� − ��
�'' �� +
3!

3

(12)

(13)

�''' �� + …

The constants � and � are solved using the least squares procedure by making �� the subject of
the formulae, squaring both sides, summing over all possible sample values and applying the
weights to obtain a solution to the weighted least squares problem of the form

�∈�

�2� =

�∈�

�� − �

− � ��
− ��

2

�

�� − ��
ℎ

(14)

The robust estimators for the mean regression functions and for the finite population totals as
derived by Kikechi et al (2017), Kikechi et al (2018) and Kikechi and Simwa (2018) are defined
as;
�0 ��
=

=

�∈�

�∈�

where

�2 �� ; ℎ − �1 �� ; ℎ �� − ��

�0 �� ; ℎ �2 �� ; ℎ − �1 �� ; ℎ

�

�� − ��
��
ℎ

�� �� ��

�� ��
=

2

�2 �� ; ℎ − �1 �� ; ℎ �� − ��

�0 �� ; ℎ �2 �� ; ℎ − �1 �� ; ℎ

(15)

2

�

�� − ��
��
ℎ
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Implying that the finite population total estimator for � = 0 can be estimated using,
�0
=

�∈�

+

�∈�

=

�∈�

+

��

�0 ��
��

�∈�

�2 �� ; ℎ − �1 �� ; ℎ �� − ��

�0 �� ; ℎ �2 �� ; ℎ − �1 �� ; ℎ

�∈�

+ ��
− ��

�0 �� ; ℎ �2 �� ; ℎ − �1 �� ; ℎ

�∈�

�1 ��
=

�2 �� ; ℎ − �1 �� ; ℎ �� − ��

�∈�

=

where,

�0 �� ; ℎ − �1 �� ; ℎ �� − ��

�0 �� ; ℎ �2 �� ; ℎ − �1 �� ; ℎ
�∈�

�� �� ��

+ �� − ��

�∈�

�2 �� ; ℎ − �1 �� ; ℎ �� − ��

�0 �� ; ℎ �2 �� ; ℎ − �1 �� ; ℎ

�'� ��

�0 �� ; ℎ − �1 �� ; ℎ �� − ��

�0 �� ; ℎ �2 �� ; ℎ − �1 �� ; ℎ

�� − ��
��
ℎ

(16)

�

�� − ��
��
ℎ
(17)

2

�

�� − ��
ℎ

(18)

2

�

�� − ��
ℎ

(19)

and,

=

2

�

�� − ��
��
ℎ

�'� �� ��

�� ��
=

2

�

2
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Implying that the finite population total estimator for � = 1 can be estimated using,
���
=
+

�∈�

�∈�

=
+
+

��

��� ��

�∈�
�∈�

��
�∈�

�2 �� ; ℎ − �1 �� ; ℎ �� − ��

�0 �� ; ℎ �2 �� ; ℎ − �1 �� ; ℎ
�� − ��

�0 �� ; ℎ �2 �� ; ℎ − �1 �� ; ℎ
�∈�
�� − ��
− �1 �� ; ℎ �
��
ℎ

2

2

�∈�

�

�� − ��
��
ℎ

�0 �� ; ℎ �� − ��

Properties of Model Based Robust Estimators

(20)

Considering the fixed equally spaced design model, the following assumptions made in
Ruppert and Wand (1994) are used to derive the properties of the model based robust estimators
of finite population totals:
(i) The �� variables lie in the interval 0, 1 .

(ii) The function �'' . is bounded and continuous on 0, 1 .

(iii) The kernel �(�) is symmetric and supported on −1, 1 . Also �(�) is bounded and
∞
∞
∞
continuous satisfying the following: −∞ � � �� = 1 , −∞ �� � �� = 0 , −∞ �2 � � �� > 0 ,
∞
∞
�2 � �� < ∞, �� = −∞ �2 � ��
−∞
(iv) The bandwidth ℎ is a sequence of values which depend on the sample size � and satisfying
ℎ → 0 and �ℎ → ∞, as � → ∞.
(v) The point �� at which the estimation is taking place satisfies ℎ < �� < 1 − ℎ.

The expectation, the bias, the variance, the MSE, the unbiasedness and efficiency and the
asymptotic relative efficiency of the model based robust estimators have been derived by
Kikechi et al (2017), Kikechi et al (2018) and Kikechi and Simwa (2018).
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SIMULATION STUDY AND RESULTS
Description of the data sets
Simulation experiments are carried out to evaluate the performances of the estimators. The
data are generated from the super population model of the form,
�� = � �� + �2 �� ��
= 1,2, …, �

�

(21)

The data sets are obtained by simulation using specific models having relations �� = 1 +
2 � − 0.5 + �� , �� = 1 + 2(� − 0.5)2 + ��
and �� = 1 + 2 � − 0.5 + exp ( − 200(� −
2
0.5) + �� and �� = 1 + 2 � − 0.5 �(�≤0.65) + 0.65�(�>0.65) for the linear, quadratic, bump and
jump populations respectively. The �� '� are generated as independent and identically distributed
(iid) uniform (0, 1) random variables. The errors are assumed to be independent and identically
distributed (iid) random variables with mean 0 and constant variance. The comparisons of the
estimators of � according to their performances is based on Horvitz Thompson, Cochran,
Dorfman and the local polynomial regression estimators �0 and �1 among others.
3

1

The Epanechnicov kernel given by 4 5 1 − 5 �2 � < 5 is used for kernel smoothing on
each of the populations due to its simplicity and easy computations using well designed
computer programs. In Silverman (1986), the search for optimal bandwidth is done within the
�
3�
interval,
where � is the standard deviation of the �� '� . The bandwidths are data
1 ≤
1
4� 5

2� 5

driven and are determined by the least squares cross validation method. For each of the four
artificial populations of size 200 , samples are generated by simple random sampling without
replacement using sample size � = 60 . For each combination of mean function, standard
deviation and bandwidth, 500 replicate samples are selected and the estimators calculated.
Table 1: Various Estimators used for comparisons in the simulation experiments

���

������� − �ℎ������

����

������ ����������

�����

������� ��� �ℎ������ 1952

������� 1992

�������

���

���ℎ��� 1977

����� ����������

������ ����������

Table 2. Computational formulae of population totals for different estimators
Estimator

Formulae
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The population totals, prediction errors, the biases, absolute biases, efficiencies, MSEs and AREs
for the estimators of finite population totals have been computed. The relative efficiencies (RE)
which examine the robustness of various estimators, i.e. the Horvitz-Thompson estimator, the
REG estimator and the Dorfman estimator versus the proposed robust estimators have also been
computed. Further, the 95 % confidence intervals �� and the average lengths �� of the
confidence intervals of various estimators have been constructed (see Kikechi et al (2017),
Kikechi et al (2018) and Kikechi and Simwa (2018)).
Results
The results for the absolute biases, mean squared errors, relative efficiencies, confidence
intervals and average length of confidence intervals for the various estimators are provided in
tables 3, 4, 5, 6, 7 and 8 respectively.
Table 3: The Absolute Bias of various estimators in four populations

ABSOLUTE BIAS
HORVITZLINEAR
THOMPSON REGRESSION
(HT)
(REG)

DORFMAN
(DORF)

LOCAL LINEAR
(LL)

139.1395

3.650095

3.628214

3.626798

Quadratic 163.4725

1.226636

0.403125

0.4323062

Bump

2.018801

0.4777851

0.4087753

Linear

157.7427
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Jump

1219.668

21.785

9.760465

9.485367

Table 4: The Mean Squared Error (MSE) of various estimators in the four populations

THE MEAN SQUARE ERROR (MSE)
HORVITZLINEAR
THOMPSON REGRESSION
(HT)
(REG)

DORFMAN
(DORF)

LOCAL LINEAR
(LL)

514.9775

15.36639

15.74559

15.47903

Quadratic 453.5207

1.521063

0.1713249

0.160443

Bump

548.131

4.551133

0.2942485

0.1894413

Jump

35691.94

512.8734

110.7915

97.02299

Linear

Table 5: Relative Efficiency of various estimators versus the proposed estimators

RELATIVE EFFICIENCY
HORVITZTHOMPSON (HT)

LINEAR
REGRESSION
(REG)

DORFMAN (DORF)

Relative Efficiency

Relative
Efficiency

Relative Efficiency

Linear

0.09467563

0.8093

0.95664

Quadratic

0.000464731

0.9954403

0.962707

Bump

0.0002038478

0.02743355

0.9433107

Jump

0.003577862

0.1901854

0.9706123
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Table 6: Confidence Intervals of various Estimators with respect to the four populations

95% CONFIDENCE INTERVALS
HORVITZTHOMPSON
(HT)

LINEAR
REGRESSION
(REG)

DORFMAN
(DORF)

LOCAL LINEAR
(LL)

Lower

Upper

Lower

Upper

Lower

Upper

Lower

Upper

Limit

Limit

Limit

Limit

Limit

Limit

Limit

Limit

Linear

65.4357
9

78.3565
2

62.9203
6

63.2486
1

62.7597
8

63.0129
8

62.6295
3

63.0637
8

Quadrati
c

61.7471
4

62.4127
5

60.2973
6

60.3064
5

60.2582
7

60.2785
3

60.4441
8

60.4761
5

Bump

88.4307
7

92.8533
5

93.0108
7

93.1451
6

92.0642
4

93.3488
9

91.9164
2

93.1867
1

Jump

503.683
6

565.580
7

479.945
8

495.730
6

460.766
7

479.152
9

465.117
1

483.177
8

Table 7: Average Length of Confidence Intervals of various Estimators

AVERAGE LENGTH OF CONFIDENCE INTERVALS
HORVITZTHOMPSON
(HT)

LINEAR
REGRESSION
(REG)

DORFMAN
(DORF)

LOCAL LINEAR
(LL)

Linear

12.92073

0.3282467

0.2532001

0.4342478

Quadrati
c

0.6656047

0.009090092

0.02025908

0.03197243
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Bump

4.422574

0.1342954

1.284649

1.270295

Jump

61.8971

15.78477

18.38621

18.06073

Table 8: The Bias and MSE for �0 and �1 in the three artificial populations
Linear
��

��

Quadratic
��

��

BIAS
0.4187236

5.507608

3.777348

4.7372

MSE
0.1896261

100.8874

15.40735

18.40769

Bump
��

0.45116
0.1601695

��

5.293896
43.9272

DISCUSSION
In all the populations considered according to table 3, the Horvitz-Thompson estimator was the
poorest resulting in large biases as compared to the other three finite population total estimators.
For all the biases computed, the Local Linear Regression estimator is superior and dominates the
Horvitz-Thompson estimator and the Linear Regression estimator in all the populations in
consideration. The Local Linear regression estimator also dominates the Dorfman estimator for
all the populations except when the population is quadratic.
The MSE results in table 4 indicate that the Local Linear estimators outperform the Linear
Regression estimator in all the populations except when the population is linear. The Local
Linear Regression estimators are not only superior to the popular Kernel Regression estimators,
but they are also the best among all linear smoothers including those produced by orthogonal
series and spline methods. In general, Local Linear regression estimation removes a bias term
from the kernel estimator, that makes it have better behavior near the boundary of the �'� and
smaller MSE everywhere.

Further, results in table 5 show that the relative efficiency of the proposed Local Linear
estimators to the Horvitz-Thompson estimator, the REG estimator and the Dorfman estimator is
less than1. This implies that the proposed Local Linear estimators have a smaller variance than
the three estimators and thus the three estimators are less efficient. Generally, the Local Linear
regression estimators outperform the HT estimator, the REG estimator and the DORF estimator
in all the populations implying that they are robust and are the most efficient estimators.
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In table 6, the confidence intervals indicate that the Local Linear regression method dominates
the REG and Dorfman methods when the model is incorrectly specified. Generally, the model
based estimators are much far better than the traditional design based estimators. The biases
under the model based approach are also much lower than those for the design based approach in
different populations under consideration.
Finally, we observe in table 8 that the biases and MSEs computed for the local polynomial
regression estimator �1 are small in all the three populations. The results therefore indicate that
the local polynomial regression estimator �1 is superior and dominates the local polynomial
regression estimator �0 for the linear, quadratic and bump populations and thus �1 is the most
efficient estimator.
CONCLUSION
In this article, we have reviewed and presented model based robust estimators of finite
population totals using the procedure of local linear regression as studied by Kikechi et al (2017),
Kikechi et al (2018) and Kikechi & Simwa (2018). Results of the bias, mean squared error,
relative efficiency, confidence intervals and average length of confidence intervals for the
various estimators have been presented. The bias results show that the local linear regression
estimators dominate the Horvitz-Thompson estimator for the linear, quadratic, bump and jump
populations. The MSE results show that the local linear estimators are performing better than the
Horvitz-Thompson estimator and Dorfman estimator, irrespective of the model specification or
misspecification. Results also show that the local linear regression estimators are robust and are
the most efficient ones.
Results further indicate that the confidence intervals generated by the model based local linear
procedure are much tighter than those generated by the design based Horvitz-Thompson method,
regardless of whether the model is specified or misspecified. It has been observed that the model
based approach outperforms the design based approach at 95% coverage rate.
Generally, the local linear regression estimators are not only superior to the popular kernel
regression estimators, but are also the best among all linear smoothers including those produced
by orthogonal series and spline methods. The estimators adapt well to bias problems at
boundaries and in regions of high curvature and do not require smoothness and regularity
conditions required by other methods such as boundary kernels. Simulation experiments carried
out on the proposed Local Linear regression estimators in comparison with some estimators that
exist in the literature indicate that the proposed estimators are robust and are the most efficient
estimators.

Further, the local polynomial regression estimators �0 and �1 of finite population totals have
been studied and comparisons made. Analytically, variance comparisons are explored using the
local polynomial regression estimator �0 for P = 0 and the local polynomial regression estimator
�1 for P = 1 in which results indicate that the estimators are asymptotically equivalently
efficient. Simulation experiments carried out in terms of the biases and MSEs show that the local
polynomial regression estimator �1 outperforms the local polynomial regression estimator �0 in
all the three artificial populations and therefore, �1 is the most efficient estimator.
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Effects of Problem - Solving Approach to Teaching Mathematics on Students’ Achievement
in Secondary School in Murang’a County, Kenya
Gakinya Kigamba John
School of Education, Mount Kenya University
Abstract
This study examined the effects of problem – solving to teaching of Mathematics on students’
achievements in secondary schools in Murang’a County. The study was guided by the following
four objectives to: establish the preference for conventional strategies in teaching Mathematics
over problem – solving strategies in teaching secondary school, compare students’ performance
in Mathematics for those taught using problem - solving strategies with those taught using
conventional strategies, assess the students change in attitude towards Mathematics when taught
through problem - solving strategies and develop a prototype lesson plan for problem – solving
in teaching of Mathematics in secondary schools in Murang’a County.
Keywords: Mathematics, Education Students, Examinations, Teachers

INTRODUCTION
Background to the Study
Mathematics teaching involves the learner, teacher and the society. To achieve the intended aims
and goals, the three must be involved (Lesh & Zawajewki, 2007). This study involved learners
and teachers through problem – solving to obtain meaningful solutions to mathematical problems.
The learner was involved directly in solving real life problems. This was done using problem solving strategies in specified learning conditions in schools. These conditions provided different
learning situations under controlled classrooms. In Plato’s division of the liberal arts trivium
which included Mathematics, Literature and Gymnasium. This historical perspective has shown
that mathematical knowledge occupies the highest status in form of cognitive knowledge. These
early fathers of Mathematics considered it to be most essential subject because it teaches students
how to think, how to be creative and resourceful by providing them with tools to use (Microsoft
Encarta, 2017). According to these early Philosophers, Mathematics is the subject that takes a
significant position in developing the individual logical reasoning and plays a significant role in
enhancing the country’s socio-economic development. This means that social functions in our
daily activities involve Mathematics. These social functions include merchants, economics,
technology, engineering and biological sciences (Uchechi, 2013).
The core target of high quality Mathematics education is development of problem - solving
abilities (Hull, Balka & Miles, 2011). Mathematics skills could be effectively passed through
concentrated Mathematics instructional teaching strategies which promote learners retention and
understanding. Therefore, in this study, the researcher focused on teaching Mathematics through
problem-solving strategy to students in Kenya. The study found that Mathematics achievement
was improved in secondary schools in Murang’a County through intervention in problem 207
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solving. This study weighed the importance on teaching Mathematics through problem - solving
in context and enquiry - oriented environments in which was characterized by teacher “helping
students to construct mathematical ideas while given profound opportunity in learning process”
(Lester, Masingila, Mau, & Raymond, 1994).
There is a general feeling that to live normal life in many parts of the world, you require
everyday use of Mathematics of some kind. It is also believed that greater advancement of
technology has an essential background in Mathematics. Therefore, Mathematics is considered
as “servant” and “queen” of all sciences. Since all subjects depend on Mathematics, there is need
to study it. However, Mathematics is part of education of life-long learning process which is
necessarily essential in life (Cockcroft, 1982). What students learn in school is not enough to
make practical live in Mathematics. They are able to learn how to arrange working,
understanding and apply Mathematics knowledge they acquire in order to deal with complex and
diverse questions in their daily life (Singer & Voica, 2013). The learners should have ability to
distinguish how to use what they have learned and continue to learn and create “new
information” to solve problems they meet when they leave schools. That is why it is important to
use problem-solving strategy to teach Mathematics.
The study of Mathematics leads to good thinking, correctness of reasoning and originality.
Mathematics becomes necessary tool in the investigation of the world around us. It is cited as the
science of understanding models that exist within us and solving problems in our daily life
(Agwu, 2015). NCTM (2006) proposed that students at secondary school level of education need
to learn Mathematics to do extremely well at higher levels. This would provide the prospect to
many countries of the world to remain competitive in terms of economy that is needed for social,
scientific and technological development. National Council of Teachers of Mathematics (NCTM,
2012) maintained that every student should have equitable and optimal opportunities to learn
Mathematics free from deliberate or unintentional based on race, gender, socio-economic status,
or language. To close the achievement gap, all students need the opportunity to learn
challenging Mathematics from a well-qualified teacher who would make connections to their
background, needs, and cultures of all learners (NCTM, 2012).
Teaching Mathematics through problem–solving allows the learners enjoy to learning
Mathematics amusingly than when it is self-generated and enforced by teacher or textbook (Lang
& Evans, 2006). This study was carried out using problem – solving by students in teaching and
learning Mathematics in secondary schools in Murang’a County. It also provided learners an
opportunity to create, investigate and explore the solutions to unfamiliar problems. The learners
worked in collaboration in small groups learning through plenty of discussion, solving problems
in untried situations which were encouraged through problem - solving instructional strategy.
This study will enable students to become resourceful aligned with the Country’s National Goals
of Education that learners should competently solve problems. The intention was to make Kenya
middle earning economy with technological innovations (Kenya Vision 2030, 2010). However,
despite this, there was a concern those Murang’a County secondary school students Mathematics
achievements have been on plummeting. Bruce (2007) who studied ways to get better achieving
students suggested that education experiences in Mathematics would explain that dialogue in
Mathematics classrooms is very significant in student’s achievements. Students in Mathematics
classroom feel like a community where constructive ideas could be discussed, developed,
questioned and understood (Bruce, 2007).
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According to Singer and Voica (2013), in ordinary life, people naturally solve problems in order
to satisfy their various needs. Problem- solving is a long – life process which is practised in and
out of school. The main objective of secondary school education is to equip students with skills
for solving problems to a pertaining variety of areas. Christy and Lima (2007), problem - solving
involves higher cognitive skills organised in a systematic order applying an approach of
collecting information in order to make a synthesized educated decision. A supportive teacher
who engages students in a classroom environment is important to help in developing students’
self-confidence in understanding mathematical concepts (Christy & Lima, 2007).
During the past four years KCSE results in Murang’a County have exposed that more than 70%
of students succeeded to obtain grades D, D- and E, which are weak grades as assessed by
KNEC. This achievement has been similar to National Mathematics performance according to
KNEC results analysis. According to Kenya Educational system, Mathematics learned in form
one and form two have adequate content for students to gain a desired grade C or better since
form one and form two syllabus covers paper one and papers two about 60% of national
examination. The results of Murang’a County have been on decline, although form one and two
work is sufficient for someone to perform better than grade C. The numbers of secondary schools
in Murang’a County were categorized as A, B, C, and D. These categories of schools were based
on the past four years in KCSE examinations Mathematics performance prior to the time of this
study. Table 1.1 shows the number of students’ Mathematics KCSE entry in each category in
secondary schools in Murang’a County during the period of 2014 to 2017. Table 1.2 shows
results of each category. The mean score shown in the table reflect that few secondary schools
perform extremely well whereas majority of the schools obtain below average grades.
Table 1.1: Student in Mathematics KCSE entry in secondary schools in Murang’a County
between 2014 and 2017
Category 2014

2015

2016

2017

Mean
score

Number
of
Schools

Number
of
students

Number
of
Schools

Number
of
students

Number
of
Schools

Number
of
students

Number
of
Schools

Number
of
students

A:6≤X≤
12

20

3220

20

3430

20

3354

20

3697

B:4 < X 35
<6

3246

35

3241

35

3531

28

3450

C:3≤
< 4

3813

60

4724

60

4879

57

4094

D:1 ≤ X 195
<3

10327

200

11410

208

11778

228

12301

Totals

20536

315

22845

323

23542

333

24633

X 60

310

Source: Murang’a County Education Office, 2018
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The table 1.1 shows that most secondary schools in Murang’a County obtain mean grade below 3
which proves that majority of students achieve grade D. The past KCSE results have shown that
more than 70% of students attain grades D+, D, D- and E in Mathematics each year. The national
performance of Mathematics in secondary schools in Murang’a County in the years 2014, 2015,
2016 and 2017 were an expected. This national examination performance could be improved
through studying Mathematics problem solving using situations happening in secondary schools
in Murang’a County, whose Mathematics students’ performance in KCSE were indicated that
results during 2014 - 2017 as shown in Table 1.2 had same trend. The main results revealed that
most mistakes made by students are misconception, misunderstanding and language
interpretation. These mistakes pointed more to the pedagogical approach of teaching and
learning Mathematics. Although most teachers in Murang’a County were trained in Diploma and
Bachelor of Education graduates, the strategies they use had contributed to these declining
results.
Table 1.2: Students’ Performance in Mathematics in KCSE between 2014 and 2017 per category
in secondary schools in Murang’a County
Grades mean scores

Mean 2014

Mean 2015

Mean 2016

Mean 2017

A:6 ≤ X ≤ 12

7.284

7.471

6.748

7.418

B:4 < X < 6

4.346

4.638

4.184

4.591

C:3 ≤ X < 4

3.39

3.24

3.044

3.316

D:1≤ X < 3

1.012

1.006

1.068

1.0023

Totals

4.012

3.941

3.460

3.629

Source: Murang’a County Education Office, 2015
They have a good command of content as well as teaching strategies. They have also participated
in project and seminars in strengthening Mathematics and sciences in secondary schools
(SMASSE). This was an indication that the cause of low achievement was due to methodologies
employed by teachers. Since majority of schools performance is below average, the researcher
investigated whether problem – solving approach would alleviate their Mathematics achievement.
In the table 1.2, it means that student’s performance is affected by the extreme values shown by
the quality grades A - C+ in Mathematics (15%) which is the entry grades for University
admission. These entry grades are important particularly in studying Science - oriented subjects
including Business and Economics, (Kenya University & College Central Placement Service
(KUCCPS), 2017).
Miheso O’Connor (2009) noted that students in Kenya are engaged in activities of demonstrated
algorithm by their teachers in a procedural level which does not assist students develop
conceptual understanding. However, this study involved learners in organized groups to face the
challenges of learning Mathematics in secondary schools. Students who were weak found it
significantly difficult, although normal rationalization is usually associated with poor
Mathematics abilities. Their difficulties included basic Mathematics facts, reading and
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interpreting problems. This research through quasi - experiment on effect of using problem solving strategies addressed the gap in the achievement through learners’ involvement to
construct Mathematics, ability to use Mathematics tools and change of attitude towards
formation of Mathematics culture. According to Polya (1957), problem - solving needs practice
when deciding on methods required to be used to solve problems. The first thing to do is to look
for hints through guessing and experiences of similar problems. Hints are the most important
skills in solving problems (Polya, 1957). This study investigated how teaching Mathematics
through problem –solving in secondary schools in Murang’a County improves students’
achievement. Uchechi (2013) submitted that the students’ poor performance in Mathematics in
Nigerian Public examinations in secondary schools is traceable to lack of content coverage and
poor teaching methods by teachers. This is similar to Kenyan situations. Table 1.3 shows the
grades of Mathematics in number of secondary schools in different categories in 2015 as a
sample of grades obtained in Table 1.1.
Table 1.3: Students’ Performance in Mathematics in KCSE in 2015 in Murang’a County
Category

Entry

A

B

C

D

E

A

3430

768

992

979

653

38

B

3281

90

500

879

1573

240

C

4724

66

317

801

2604

936

D

11410

46

302

742

5399

5136

Total

22845

970

2111

3401

10229

6134

Source: Murang’a County Education Office Mathematics Result Analysis, 2015
Table 1.3 shows Murang’a County Mathematics performance according to ranking, the top 20
schools seem to have reasonably quality grades particularly the ‘A’ grades within the County. In
these schools, about 79.2% grades A whereas the remaining 19.8% to be shared by 295 schools
in 2015. The instructional strategies used by these schools were investigated and compared with
the ones used by the lower 295 schools. The weak performing schools have 93.6% grades D and
E in secondary schools in Murang’a County. The tables also give emphasis of those secondary
schools whose performance in more than 200 schools curriculum outcome in secondary schools
in Murang’a County is below community expectations. The most important factors for
improving Mathematics performance are students’ involvement in creating and thinking through
the problem (Polya, 2011). By involvement, it means how much time, energy and effort students
dedicate to the learning process through problem –solving which this study propose to
investigate. The main purpose of this study in the Murang’a County was to inspire learners to
discover, cultivate and apply relevant Mathematics concepts after understanding through
problem – solving. Students were directed all the way through the development of inquiry and
problem – solving processes (Barbeau & Taylor, 2009).
In Malaysia, students’ performances at secondary school level of education remained very low
and continued to decrease. Mathematics achievement test in TIMSS in 2012 clearly indicates
how well students in Singapore have done. The poor Mathematics performance of the students
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becomes a major concern among Malaysian educational stakeholders. This brings about the need
for the government to look at the policy for teaching mathematics. This policy was then
commenced and takes up properly after a period of five years in the level of education. In
Nigeria, good performance in Mathematics is one of the basic requirements for admission into
tertiary institutions (Adeyemi, 2011). Candidates with distinction and good credit grades in five
subjects including Mathematics and English language possess the required grades for admissions
into Nigerian universities. Emaikwu (2012) in his research ‘Effectiveness of three teaching
methods in the measurement of students performance in Mathematics in Nigerian secondary
schools’ there has been drastic drop in the achievement level of learners in Mathematics for the
past decades. Uchechi (2013) proposed that students’ poor performance in Mathematics in
Nigerian public examinations is traceable to lack of content coverage and poor teaching methods
by teachers.
In Kenya, the language instruction in learning Mathematics at secondary schools contributed to
low outcome in Mathematics curriculum. The students need to learn mathematical language to be
meaningfully able to interpret Mathematics problems (Benson & O’Connor, 2015). This could be
provided by exposing learners to problem solving. The resultant effect is the poor performance
and low retention level in learners’ achievement at the national examinations. In view of this
observation, there is a serious and great concern among the educational stakeholders and parents.
Mathematics is compulsory in Kenya secondary schools curriculum despite the difficulties in the
teaching and learning. The poor curriculum outcome in Mathematics may affect individual future
career development (Ministry of Education, MoE, 2002). Low performance in Mathematics in
Murang’a County would affect future generation on career choices. Therefore, because
increasing weak performance in most secondary schools in Mathematics in Murang’a County,
there was need to study the instructional strategies preferred by practising teachers and the
prominence of problem -solving teaching strategy to improve students’ achievement in
Mathematics.
Secondary schools students being unsuccessful in Mathematics might have
caused by misuse of instructional strategies in which problem-solving strategy was not correctly
applied. Through reasonable argument the question is “Why do incompetent teachers engage
learners in problem-solving?”Most teachers argue that they do not understand the breadth of
problem-solving activities well enough to connect and support learners in them. Problem-solving
has never been sufficiently articulated in the instructional strategies (Martin, 2007). The
behaviorist practices are emphasized in transmission of knowledge and stress the pedagogical
value of formulae, procedures drill and product rather than processes.

METHODOLOGY
The study employed quantitative quasi – experimental design. The Solomon Four Group design
in which 16 schools were sampled according to the category in their previous four years KCSE
performance. The target population was 104562 students and 1365 Mathematics teachers in 340
secondary schools in Murang’a County. Form three students comprising 28,475 were sampled.
Four schools randomly sampled represented each category where two schools were experimental
and two schools were control comprising a sample size of 544 students and 16 teachers. Eight
schools participated in pre-test and all 16 schools received post- test Mathematics achievements
tests after intervention. Delphi questionnaire was used to collect data on Mathematics teachers’
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preferred conventional methods of teaching Mathematics. Students’ Mathematics attitude
questionnaire was used to collect data on students’ attitude towards Mathematics in both control
and experimental groups. Data from the research instruments were coded and analysed using
Statistical Package for Social Sciences (SPSS) version 22. Analysis of Variance (ANOVA) was
used test hypotheses where more than three or more, independent t-test was used to test
hypotheses at 0.05 level of significance where two variables were involved, Kendal –tau for
comparison of used on preferred strategies and Cohen’s d. was to determine the effect of power
test. Analysis of data generated from students pre-test revealed that, the effect of problem solving performance was insignificant (t (273) = 0.924, Cohen’s d = 0.17 which is small, p >
0.05).
RESULTS AND DISCUSSIONS
Students Mathematics Performance
The second objective of the study was to compare performance of students in Mathematics for
those taught using problem - solving strategies with those taught using conventional method in
secondary schools in Murang’a County. These are considered as being conceptual and cognitive
growths were determined by the achievement test using pre-test and post-test questionnaires. The
students’ were expected to learn Mathematics through problem - solving strategy or other
conventional strategies. This study suggested that the students’ conceptual understanding was
developed better using problem – solving than on procedural knowledge using conventional
methods in secondary schools in Murang’a County.
Experimental and Control Groups Pretests
The various combinations of tested and untested groups with treatment and control groups
allowed the researcher and extraneous factors to have not influenced the results. E1, C1, E2, and
C2 are exactly the same in all four categories according to their previous national examination.
They were drawn four similar schools with the same standards. The first hypothesis was that
there was no difference in performance to Mathematics achievement (performance) test between
the experimental group and the control group. The pre-test involved experimental, E1 and
control, C1 groups. The results are shown in table 1.
Table 1: Pre – test performance per category

Experimental

Control

Category

No
of Mean
respondents

Standard
deviation

No
of Mean
respondents

Standard
deviation

A

33

54.67

6.79

45

50.44

8.79

B

35

44.94

11.09

35

42.57

10.74

C

40

28.75

13.36

40

30.48

7.71
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D

20

Combined 128

25.55

15.15

27

14.70

9.65

39.36

16.39

147

36.57

15.79

Source: Field study, 2018
Table 4.6 shows that there is no difference between groups except from the categories which are
due to entry point at secondary school from primary schools where category A are those in
national and extra - County schools. The other three categories are from county and sub –
county secondary schools. I tested this hypothesis by carrying out a two – sample t –test on the
mean scores of the pre –test between the combined experimental group and the control group and
the results as shown in table 2.
Effects on Students Performance by Experimental and Control Groups Pre-tests
The study employed the Solomon Four - Group design. These had enabled the researcher to have
two groups in each category to sit for pre- tests as recommended by Borg and Gall (2003). The
two groups were Experimental group (E1) and Control group (C1). A pre-test was conducted
before commencement of the treatment therefore; it was administered to schools involved in
groups E1 and C1 prior to the experiment. The pre-test contained 20 items that sought to test
students understanding of numbers, number patterns, basic algebra, geometry, measurement and
arithmetic which were the focus of this study. The mean scores and standard deviation of the two
groups (E1 and C1) were computed. The results were recorded in table 2.
Table 2: Pre – test performance per group
Combined
group

NUMBER MEAN VAR

E1

128

39.36

268.66 16.39

C1

147

36.57

Combined

275

37.87

Difference

STDEV Standard
error

95%
Confidence

T–value

1.454

36.52 - 42.20

1.43

249.22 15.79

1.307

43.02 - 39.12

259.26 16.10

0.969

35.97 - 39.77

2.79

Pr (T > t) = 0.17
Source: Field study, 2018
VAR: Variance
STDEV: Standard Deviation
Table 2 shows that students from experimental group E1 performed slightly better than students
from control groups C1 in the pre-test Mathematics performance. This was affected by the mean
score of schools in category D, since mean is usually affected by extreme values. To test whether
there was a significant difference on effect on students’ performance between experimental
group E1 and control group C1 in the pre-test, a t-test was computed. In table 4.7 the
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independent t-test reveal a statistically insignificant difference in the mean scores of pre - test for
the experimental (E1) and control groups (C1) at t (274) = 1.43, p = 0.0233 at α = 0.05 where p >
0.05. This clearly indicated that students’ performance in the pre - test was similar and their level
of understanding in problem - solving is the same. Table 4.7, also shows that there was no means
difference between groups. The slight mean difference was not statistically significant at α =
0.05 as t = 1.43 with a small effect size of ds = 0.17 from Cohen’s power test interpretation. This
shows that the groups were of the same strength in terms of performance of Mathematics
achievement test before intervention was initiated.
Thus, the hypothesis which stated that, there was no significant difference on the effects in
students’ performance for those taught using problem - solving approach and others taught using
convention method was retained. This finding agrees with Njoroge & Githua (2013) who in their
study found that there was no statistical significance between experimental and control groups’
difference in the pre - test Mathematics Achievement Test before commencement of the
intervention on Cooperative learning strategy. The study was also interested in determining the
attitude of students taught using problem - solving approach had no significant difference in
students’ attitude before commencement of the treatment using only experimental groups E1 and
E2.
Effects of Post – test Students’ Performance
The researcher employed the Solomon Four Group designs where all groups experienced the
post - test. The comparison between the post–test results of groups E2 and C2; allows the
researcher to determine if the actual act of pre – testing influenced the results. To further
investigate the stated objective number one and hypothesis one. The post - test was administered
to the same categories of students in their schools. The post-test contained 20 items which were
based on topics set in the pre -test. The topics discussed during intervention were similar to both
pre- test and post -test. The post – test topics included the similar topics that were used during
the intervention period and further practice given using textbooks. The intervention topics
included natural numbers, number patterns, Algebra, geometry, fractions and integers which
provoke learners’ creativity.
Analysis of the post - test results are tabulated in table 3, table 4 and table 5 which gives the
mean score of students’ performance in the post-test of groups E1, C1, E2 and C2. To find out
whether there is significant difference in the performance.
Table 3: Pretest E1 & C1 and Post – test C2 performance per group

Combined group NUMBER MEAN STDEV Standard error 95% C -I
E1 pre-test

128

39.36

16.39

1.454

36.52-42.20

C1 pre- test

147

36.57

15.79

1.307

34.02 – 39.12

C2 post - test

143

34.92

14.53

1.219

32.54-37.30

T –value
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Combined

418

40.66

15.40

Source: Field study 2018
Table 3 shows that students of experimental group E1 and control C1 pre - test have same
performance as control group C2 in the post -test. The claim that C2 control group has the same
mean at post - test as it was with experimental group E1 and control C1 group pre - test. To test
this, hypothesis I used ANOVA. The null hypothesis to test the differences in more than two
normally distributed populations. S2B means variations between the means which implies
variations of the group means about the overall mean, GM. S2W the variations within group
variations. This is where variations of the individual values about the group means. Table 4
shows the ANOVA table to show that the groups in the study have a common entry point at any
first test.
Table 4: ANOVA Pre – test E1 and C1 and Post – test C2 performance on three groups
Variation

Df

Mean square

S B2
F= 2
SW

Between groups

3.2391

2

1.62

0.0138

Within groups

242.10

415

0.583

Total

245.34

P -value

Source: Field study 2018
I accepted the null hypotheses since there is enough evidence that the three mean scores had no
difference between the groups before any treatment is done. The critical value at F (2, 415) is
3.018, whereas the tabulated F = 0.014 (0.014 < 3.018). The null hypothesis is accepted that
means are the same for both experimental and control groups before intervention. It also
revealed that control group E1 has better performance than C1 as shown in table 5 of the posttest. This is a clear indication that the pre-test has had some effect upon the result of post - test.
Table 4.10 shows that if there is effect in achievement after treatment of experimental group E1
and control C1 both groups received pre - test before intervention was commenced. The two
groups also received post - test immediately after intervention. The claim is that there is no
significant difference in Mathematics between students Mathematics using problem -solving
approach and those taught using conventional strategies in secondary schools in Murang’a
County.
Table 5: Statistics for Mathematics Achievement assessment paired differences post test
experimental group E1 and control group C1
Variable

Mean Standard
deviation

Standard
error

95%
confidence t
interval
Lower

Degree
freedom

of

Upper
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PosttestE1 48.91 15.42

1.368

46.24

51.58

PosttestC1 38.15 16.26

1.346

35.52

40.78

Combined

1.245

43.53 15.82

5.334 274

Difference 10.76
Pr (|T| > t) = 0.68
Source: Field study 2018
According to table 5, it can be seen that there is a significant improvement in students’ problem –
solving performance after the intervention period. It is obvious that problem - solving can
enhance students’ problem – solving performance in Mathematics. The result from observation
rating scales of problem – solving and students showed the changes of students’ behaviour.
Observation results showed an average ability of students who could read the problem carefully
throughout the intervention period. But she\he used different strategies to persevere with
problems and never checked solutions. During intervention period, the learner tried problem
better and better getting closer to solution while peer partners gave her/him opportunities to see
the different ways to approach mathematical problems. The hypothesis is rejected that the mean
scores of post - test for both experimental group E1 and control group C1 are the same. There
was a significant difference, since 5.334 > 1.967. The mean of experimental group was
significantly higher than that of control group at post - test. The Cohen’s d is 0.68 which shows
that there is moderate positive effect size of the means difference.
Table 6 shows the post - test of experimental group E1 and control C2. The hypothesis that
problem solving strategies in teaching and learning Mathematics have no significant effect on the
students’ performance in secondary schools in Murang’a County.
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Table 6: Statistics for Mathematics achievement assessment paired differences post test
Experimental group E1 and control group C2.
Variable

Mean Standard
deviation

Standard
error

95% confidence t
interval
Lower

Upper

PosttestE1 48.91 15.42

1.368

46.24

51.58

PosttestC2 34.92 14.53

1.219

32.54

37.30

Combined

Degree of
freedom

T = 7.663

41.92 14.90

Difference 13.99
Pr (|T| > t) = 0.94
Source: Field study 2018
The analyses of the post – test results are shown in table 7. The table shows there was statistical
difference in the mean scores between the two groups as p > 0.05 and t = 7.663. This shows that
7.663 > 1.96, reject the null hypothesis on the basis that differences are significant that there
evidence that the means are not equal. The Cohen’s d of 0.94 which shows that there is large
positive effect size of the means difference which shows that the pre - test has slight effect
compared with table 6 where C1 had received pre - test.
Table 7: Statistics for Mathematics Achievement assessment paired differences post – test
experimental group E1 and experimental group E2.
Variable

Mean STDEV Standard
error

95%
interval

confidence t

Lower

Upper

Degree
freedom

Posttest E1

48.91 15.42

1.368

46.24

51.58

127

PosttestE2

45.80 14.24

1.274

43.31

48.29

125

combined

47.37 14.90

0.937

45.54

49.20

difference

3.11

T= 1.67

of

252

Pr (|T| > t) = 0.2087
Source: Field study 2018
Table 7 shows the two experimental groups E1 and E2. The groups’ commenced treatment at the
same time, but E2 did not receive pre - test. The hypothesis is that there is no significant
difference in means of the students’ Mathematics achievement after the post - test when the two
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groups underwent treatment. The critical value t at 95% confidence limit in degree of freedom
DF = 252 is 1.967 by interpolation. When t = 1.67 (1.67 < 1.9670), the hypothesis is accepted
and there is enough evidence that the means do not have any difference. The Cohen’s d of 0.21
which shows that there is small effect size of the means difference which might have affected by
the pre - test.
Table 8 shows the post - test of control group C1 and control group C2. The hypothesis that there
is no difference between mean of C1and mean of C2 on the students’ performance in secondary
schools in Murang’a County.
Table 8: Statistics for Mathematics Achievement assessment paired differences post - test
control group C1 and control group C2
Variable

Mean Standard
deviation

Standard
error

95%
confidence t
interval
Lower

Upper

PosttestC1 38.15 16.26

1.346

35,52

40.78

PosttestC1 34.92 14.53

1.219

32.54

37.30

Combined

0.911

34.48

38.04

36.26 15.49

Degree
freedom

of

1.775 288

Difference 3.23
Pr (|T| > t) = 0.2085
Source: Field study 2018
Table 8 has shown that the two post - test for control groups C1 and C2. The groups did not
receive any treatment at the same time, and C2 did not receive pre - test. The hypothesis is that
there is no significant difference in means of the students’ Mathematics achievement after the
post - test when the two groups did not undergo treatment. The critical value t at 95% confidence
limit in degree of freedom DF = 288 is 1.968 by interpolation. When t = 1.775 (1.775 < 1.968),
the hypothesis is accepted and there is enough evidence that the means do not have any
difference. The Cohen’s d of 0.21 which shows that there is small effect size of the means
difference which might have affected by the pre - test.
Table 9 shows achievement of post - test for combined experimental groups and combined
control groups. Table 8 and table 9 have already shown that there are no significant differences
in means of E1 and E2 or means of C1 and C2.
Table 9: Mathematics achievement post–test for combined experimental and control groups
Variables

No
of Mean
respondents
score

Standard
deviation

Standard
error

95%
confidence
interval
Lower

Upper
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Post – test E1 128

48.91

15.42

1.368

46.24

51.58

Post – test E2 126

45.80

14.24

1.274

43.31

48.29

Combined

47.37

14.90

0.937

45.54

49.20

-2.46

2.70

254

Difference

3.11

Post – test C1 147

38.15

16.26

1.346

35.52

40.78

Post – test C2 143

34.92

14.53

1.219

32.54

37.30

Combined

36.56

15.49

0.911

34.48

38.04

-2.42

2.59

290

Difference

3.23

Pr (T > |t|) = 0.287
The control groups C1 and C2 have t value 1.775 which is less than critical 1.96 at 95%
confidence interval. As t – score is within this value, there is nothing to suggest that there is any
difference between the two means and the hypothesis is accepted. Table 9 shows that students of
experimental groups E1 and E2 have better performance than control groups C1 and C2 in the
post - test. When this two experimental E1 and E2 combined and two control C1 and C2
combined yielded Cohen’s d 0.71 which had moderate positive effect. It also revealed that
experimental group C1 had better performance in the post - test than C2 because of pre - test
before post - test. This established that there are some external factors which have caused
minimum temporal increment. The slight difference between E1 post - test and E2 post - test
shows the effect that pre - test has had upon treatment. Further, it shows there was statistical
difference in the mean scores between the experimental group E1 and control groups C1 and C2.
The difference also existed between experimental group E2 and control groups. This is a clear
indication that experimental groups E1 and E2 who were exposed to problem solving approach
have shown a better performance than the control groups C1 and C2 respectively. The
implication here is that when learning Mathematics through problem - solving strategies,
students’ performance increased. This was supported by results of Lesh and Zawojewski, (2007)
observation that engaging students in mathematical problem - solving activities would help them
discover mathematical ideas. Hence students’ achievement is enhanced. Table 10 shows post test performance per group and ANOVA hypothesis testing is applied. It also shows the
tabulated values for ANOVA.
Table 10: Post – test performance per group
Combined
group

Number

Mean

Standard
deviation

Standard
error

95% C -I

E1

128

48.91

15.42

1.368

46.24-51.58

C1

147

38.15

16.26

1.346

35.52-40.78

E2

126

45.80

14.24

1.274

43.31-48.29

T –value
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C2

143

Total

544

34.92

14.53

1.219

32.54 -37.30

Source: Field study 2018
Table 10 shows that there are significant differences between the post - test experimental groups
mean scores and the post - test control groups mean scores, with (t =1.967) and (t =1.96) and
small effect size of f = 0.18. The post - test items develop on higher order thinking skills that
required students to reason before applying procedure for getting solutions. The assessment
involving synthesis and evaluation levels as according to Blooms (1956) taxonomy of cognitive
objectives categorization. This shows that a problem – solving strategies to teaching and learning
Mathematics can assist students to reason and help them to develop creative and critical thinking
which improves their understanding of Mathematics concepts and hence improvement in
performance. Students’ achievements and understanding are significantly improved when
teachers are aware of how students construct knowledge familiar with the intuitive solution
methods that students use when they solve problems. Teachers should utilize this knowledge
when planning and conducting instruction in Mathematics allowing students’ collaborative
interactions.
To test hypothesis one (H1) which states that, there is no statistically significant means
difference in the effect of problem approach solving on secondary schools students performance
on those taught using conventional strategies. Analysis of variance (ANOVA) was carried out
on post - test scores. Table 11 gives the result of the ANOVA of the difference in the post test
scores.
Table 11: ANOVA Post – test performance on four group
Number

Mean

Variance

Between
groups

Within
groups

E1

128

48.91

237.72

583.17

229.82

C1

147

38.15

264.39

E2

126

45.80

202.80

C2

143

34.92

211.03

Combined 544

41.95

Source: Field study 2018

SB2

:

The between group Variations

SW2

:

The Within group Variations

221

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

Table 11 shows that there was a significant mean difference in the student performance in the
post - test between the 4 groups, F (540) = 2.537, p = 0.01, α = 0.05 where p < 0.05. The study
concluded that using problem - solving in teaching and learning increases students achievement
(performance) in Mathematics. Therefore, the hypothesis (H2) which states that, there was no
significant difference in students’ performance in Mathematics taught using problem - solving
approach and those taught using conventional strategies in pre - test and post - test in secondary
schools in Murang’a County was rejected. Since this result was statistically significant, the
acceptance of that teaching through problem – solving improves the student Mathematic
achievement agreed with Kirtikar (2013). Kirtikar reacted on the criticism that conventional
teaching did not trigger critical thinking. The cognitive skills and holistic learning environment
for students through problem – solving. This study had shown that teaching through problem solving the students improved the Mathematics achievement. The tables 12 and table 13 had
shown that it existed in the categories and with or without pre - test respectively.
Table 12: Post – test performance per category
Experimental E1 and E2 combined

Control C1 and C2 combined

Category

NO. Mean STDEV C.I.

NO. Mean STDEV C.I

A

66

61.14 8.66

59.05 - 63.23 90

46.60 11.2

44.29 - 48.91

B

62

54.46 9.58

52.07 - 56.84 61

43.31 9.53

40.92 – 45.70

C

72

38.42 9.64

36.19 - 40.65 77

31.63 10.87

29.20 – 34. 06

D

54

34.32 14.14

30.55 - 38.09 62

28.67 12.32

15.60 - 21. 74

47.37 14.90

45.54 - 49.20 290

36.56 15.49

34.78 – 38.34

Combined 254

Source: Field study 2018
Figure 1: Category comparisons experimental E1 & E2 and ccontrol C1 & C2

Experimental E1 & E2: Control C1 & C2
Figure 1: Category comparisons
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Table 12 has shown that students’ who were presumed to be of low ability, the study shows that
there significant gains in Mathematics achievement after intervention of E1 & E2. The control
groups C1 & C2 did not improve the Mathematics achievement. The effect size is Cohen’s d is
0.71 which is a moderate positive effect in the combined groups. Therefore, the evidence is
enough to accept the null hypothesis that the mean scores between control groups and
experimental groups are significant.
Figure 1, reveals that each category improved after intervention despite the ability of students.
The bar graph shows almost a similar increments spread throughout the categories. These shows
that teaching Mathematics through problem – solving has a positive impact on the student
achievement. The respondents of control groups scored less mean score compared with
experimental groups. The importance of these statistics is to show pictorial perspective of each
category.
Table 13: Solomon Four Group Pre - test and Post - test comparison performance
Number

Mean

Pre-test experimental E1

128

39.36

Post-test experimental E1

128

48.91

Pre – test control C1

147

36.57

Post – test control C1

147

38.15

Post – test experimental E2

126

45.80

Post – test control C2

143

34.92

Source: Field study 2018
There was no significant difference in performance between the experimental category groups.
Similarly, was no significant difference between category control groups. The study found that
classrooms community and culture promote students Mathematics achievement in all types of
schools. The findings conclude that there is significant improvement in Mathematics
achievement between those students who used problem - solving and those students who used
conventional strategies.
Figure 2: comparisons Experimental E1 & E2 pre –test and post - tests and
Control C1 & C2 pre-test and post -tests
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Figure 2: comparisons of all tests
Figure 2 presents findings on the availability of physical facilities that had affected teaching and
learning of Mathematics in secondary schools through creating environment for problem solving. The category comparison confirms that improvement of Mathematics achievement was
almost the same in respect of the schools.
Attitude towards Mathematics
The third objective of the study was to assess students change in attitude towards Mathematics
when taught through problem – solving approach with those taught using conventional methods.
This study compared the attitudes toward Mathematics between the two groups (experimental
and control) at both pre - test and post – test levels. Table 14 shows the summary of the mean
scores and standard deviation for pre – test results. Table 14 has shown that there is no statistical
difference between the pre – test experimental group (E1) mean score and pre – test control
group (C1) mean score , with t = 0.16 at α = 0.05. This shows that the attitude of the students
were at the same level.
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Table 14: Two – sample t –test with equal variances on the mean scores of the pre –test for
Experimental E1 and control group C1.
Variable

Pre – test E1

No
of Mean score Standard
respondent
deviation

Standard
error

95% confidence interval
Upper

Lower

128

45.6

3.04

0.19

45. 07

46.13

Pre – test C1 147

45.52

4.07

0.30

44.86

46.18

Combined

36.99

3.61

0.17

36.56

37.42

-0.5

0.68

275

Difference
P > 0.05

0.08
P (|T| > |t |) = 0.02

t = 0.16

The attitude questions were distributed into three sub- scales. These scales were for monitoring
students’ attitude to learning Mathematics through problem – solving. These subscales include
Mathematics behaviour (MB), Mathematics confidence (MC) and Mathematics Engagement
(ME). The elaborative feedback on treatment of experimental and control groups was given by
computing experiences separately instead of giving total score. The post - test attitude could be
reported as individual item rather than aggregate results (Ross & Morrison, 2002). Table 15
shows post - test results according to individual items MB, MC and ME in percentage scores.
The students interacted and discussed during intervention so they gained confidence, changed
behaviour and they were engaged in Mathematics.
Table 15: Posttest comparison attitude of experimental groups E1&E2 and controlC1 &C2
Number

Percentage

Experimental MB

254

24.5%

Experimental MC

254

34.5%

Experimental ME

254

21.5%

Control MB

290

20.5%

Control MC

290

27%

Control ME

290

18%

Source: Field study 2018
There was significant improvement in attitudes towards Mathematics and students achievement
when taught through problem - solving. This was in agreement with Dutton who claimed that
most standardized achievement tests in Mathematics were obtained in subtests in attitude on
problem - solving. The study shown on table 15 revealed that Mathematical attitudes was
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promoted through problem - solving. Attitude assessment towards Mathematics revealed that
experimental groups after post - test at 80.5% against control groups 65.5%.

Figure 3: Students’ attitude Mathematics Behaviour, Confidence, and Engagement

Figure 3: Students’ attitudes
The chart shows that experimental components were all better than in control groups after
intervention. Mathematics behaviour included the students’ reaction on the subject while
Mathematics confidence increased. The activities during intervention improved learners’
engagement.
Prototype Lesson Plan
The fourth objective of the study was to develop a prototype lesson plan for problem –solving in
teaching Mathematics in secondary schools in Murang’a County. Problem – solving model
lesson plan consist of a structural systematic approach. This is first to ensure that there is
consistency in students participation. The teachers and students are required to know what
process others are using to keep the process more scientific. Second, the model provide a focus
for the group activities where the individual contribution in making – decision to arrive at
consensus. The group having considered are possible causes of a problem and all possible
solutions. The model uses a series of logical steps to help a group identify the most important
causes of the best solutions.
Third, the model will provide avenues to test all the steps and eliminate those which can work in
a given situation. This model presents process improvement activities to arrive at a better
solution. The model is developed using Bloom’s cognitive taxonomy domain. The steps are as
follows:
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Step one: The learner has acquired knowledge to enable her/him to define the problem. The
problem is diagnosed and redefined according to student experiences. If the concept is not
familiar the teacher guides the students.
Step two: The student determines the root causes of the problem related concepts. The student
must synthesize what he\she has learned and apply it to a new situation.
Step three: The student generate the solutions which are related to the concept. The student can
develop alternative solutions and attempt to work the problem backward. The algorithm followed
and devised plan can be explored further through students’ interactions.
Step four: The student select a solution which is acceptable. The heuristics plan of carrying out
problem –solving by selecting suitable strategies.

CONCLUSIONS
The study has shown that a general problem - solving strategy has been successful in school
practice even in the lower category (D). This was confirmed by Lesh and Zawojewski (2007)
who suggested that there is need to teach more specific problem - solving strategies to let
students effectively deploy their problem – solving strategies and content knowledge. Peer
partners and small problem - solving groups gave learners opportunities to see the different ways
including teammates approach to mathematical problems. First, the study concluded that a welldeveloped, planned and executed problem -solving instruction can significantly improve
students’ achievement in Mathematics.
Second, an effective mathematical problem - solving strategy can be used to promote Students’
interest in Mathematics. The teacher would be fully prepared since the strategy is more of
student - centred rather than teacher - centred.
Third, problem - solving as the strategy enhances students performance in Mathematics since
there will be better improved understanding of the problem and even compute Mathematics in
classroom community. The fourth conclusion was that problem solving instruction should be
developed and used to enhance deeper understanding and achievement on students’.

REFERENCES
Adeyemi, T. (2011). A comparative study of students' academic performance in public
examinations in secondary schools in Ondo and Ekiti States, Nigeria. Current Research Journal
of Economic Theory Vol. 3(2).pp.36 42
Anderson, J., & White, P., (2004). Problem solving in learning and teaching Mathematics, In B
Research in Mathematics education in Australasia, 2000 – 2003.
Artzt, A., Armour –Thomas, E., & Curcio, F. (2008). Becoming a Reflective Mathematics
Teacher. New York Lawrence Erlbaum Associates
227

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

Benson, W. & O-Connor, M. (2015). Effects of Mathematical Vocabulary Instruction
on
Students’ Achievement in Mathematics in Secondary Schools of Murang’a County, Kenya.
Journal of Education and Practice Vol. 6 (18).
Bloom, B., (1956) Taxonomy of Educational Objectives NY: Longmans, Green. (Internet source:
November 2014).
Brahier, D. (2009) Teaching Secondary and Middle School Mathematics Pearson Education,
Inc.p52 -53
Dewey, J. (1954). Experiences and Education, a Touchstone Book, Kappa Delta Ps, New York
Downloaded www.ascd.org.publication, 23rd May 2014.
Dursun, S., & Dede, Y, (2004). The factors Affecting Students Success in Mathematics:
Mathematics Teachers Perspectives. Journal of Gazi Educational Faculty
Ellen, A., (2011). Validity and Reliability in Social Science: Research in Education and Research
Perspectives. Vol.38 (1) 105-120.
Fonsnot, C. (2014). Models of Intervention in Mathematics Reweaving the Tapestry, USA:
National Council of Teachers of Mathematics, Pearson.
Gakinya, K. (1987). Instructional Strategies Used in Teaching Secondary School Mathematics.
M.Ed. Thesis in Kenyatta University.
Goldstein, E. (2011). Cognitive Psychology, connecting mind research and every day experience
(3rd ed.). Australia Wadswrith Cangage learning
Heason, K. (2004). Constructivist teaching strategies for diverse Middle –level classrooms
Boston: Pearson Education.
Kenya Institute of Curriculum Development, (2002) Secondary education syllabus Volume two,
Nairobi, Kenya: KICD (MoE).
Kenya National Examination Council, KNEC, (2018).The year 2017 KCSE examination report
With question papers and marking schemes. Volume 2: Mathematics & Science: the text
Development department KNEC, Nairobi Kenya.
Lawson, A. (2016). The Mathematical Territory between Direct Modeling & Proficiency Student
Achievement. Downloaded http/www.edu.gov.ca/eng
Marzano, R., Frontier, T. & Livingstone, D., (2011) Effective Supervision; supporting the art
And sciences of teaching Alexandria, VA: ASCD.
Mbugua, Z., Mungiri, M., & Reche, N., (2012). Factors Contributing to Students’ Poor
Performance in Mathematics at Kenya Certificate of Secondary Education in Baringo County,
Kenya. American International Journal of Contemporary Research; Vol. 2 (6) 87-90.
National Council of Teachers of Mathematics, (NCTM, 2012). Closing the Opportunity Gap in
Mathematics Education
228

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

National Centre for Educational Achievement, (2010). Best Practice Framework. Accessed
online at http://www.just4kids.org/en/texas/best practices/framework.cfm, January 24, 2010
Njoroge, N., & Githua, N., (2013). Effects of Cooperative Learning/ Teaching Strategy on
Learners` Mathematics Achievement by Gender. Asian Journal Social Sciences & Humanities;
Vol. 2 (2).pp.569-571.
Odindo, F., (2013). Teaching and Learning Mathematics through Problem - Solving Activities in
Kenya Secondary Schools. Lambert publishers.
Polya, G., (2004). On solving Mathematics Problems in High School. In S. Krulik (Ed),
Problem- Solving in School Mathematics, Reston, Virginia: NCTM.
Protheroe, N. (2007). “What Does Good Mathematics Instruction Look like?” Principals and
Education Research service
Saeed, M., Shahvarani, A. & Behzadi, H., (2012). The role of problem solving method on the
Improvement of mathematical learning. Mathematical Education Trends and Research.
Singer, M. & Voica, C. (2013). A Problem – solving Conceptual Framework And it’s
Implications in Designing Problem posing tasks: Educational Studies in Mathematics.
Slavin, R., (2007). Educational research in an age of accountability, Boston Pearson Education.
Smith, M. & Kay, M., (2011). Practices for orchestrating productive Mathematics discussion.
(National Council of Teachers of Mathematics)
Uchechi, F., (2013). Enhancing Mathematics Achievement of Secondary School Students using
Mastery learning Approach. Journal of Engineering Trends in Educational and Policy Studies., 4
(6).pp. 848-854.
Umameh, M. (2011). Survey of students’ poor performance in Mathematics Bristol: University
of Bristol.
Umay, A. (2007). EskiArkadasimizOkulMatematigininYeniYuzu, Aydan Web Tesisleri, Ankara.
Voica, C., & Singer, F., (2013). Problem modification as a tool for detecting cognitive Flexibility
in school children ZDM, 45(2)
Voica, C., & Singer, F., (2014). Problem posing: A pathway to identifying gifted students. In
MCG8 Proceedings (pp. 119–124). Univ. of Denver, Colorado, USA.
Vula, E. & Berdynaj, L. (2011). Collaborative action research: Teaching of multiplication and
Division in the second grade of primary school. Turkish online Journal of Qualitative Inquiry,
2(2), 7-16.
Walker, J. & Lofton, and S. 2003). Effect of Problem based Learning Curriculum on Students’
Perceptions of Self - directed Learning, Issues in Educational Research, University of
Mississippi Medical Centre.

229

MACHAKOS UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY, ISSN2707-6741 VOL. 2, ISSUE 3,
JUNE 2021

The Effects of Holidays on the Ghanaian Equity Market
Alexandra Fafali Kudjawu, Charles Andoh*, Saint Kuttu
Department of Finance, University of Ghana Business School, University of Ghana,
Email: candoh@ug.edu.gh
Abstract
This paper sought to determine if the Ghanaian equity market is a semi-strong efficient market
by investigating whether or not the holiday effect exists by adopting an ARMAX (2, 2) GARCH (1, 1) model with ��+ innovation. The results show that there are significant positive
pre-holiday and post-holiday effects which may not be as a result of bearing higher levels of risk.
This finding is important to investors to assist strategise better in order to take advantage of this
calendar anomaly discovered on the Ghanaian equity market.
Keywords: ARMAX, calendar anomalies, efficient market hypothesis, GARCH, ��+ innovation,
holiday effect.
INTRODUCTION
Efficiency of the stock market is one of the fundamental concepts in finance that is used to
explain and understand how the stock market functions. In his effort to explain the concept of
efficiency, Fama (1970) proposed the Efficient Market Hypothesis (hereafter, EMH). It refers to
the notion that capital markets are efficient and that these efficient markets follow the random
walk theory, and past information cannot be used to predict the future. The EMH is categorised
into three forms that are conditional to three types of information; strong-form efficiency, semistrong efficiency and weak-form efficiency. Out of these three forms, the weak-form is believed
to be the most acceptable due to the attention and weight it has drawn from the academic society
(Jarett, 2010). The EMH states that it is extremely difficult and highly impossible to predict
stock prices precisely because of the assumption that the market participants are rational, and the
determination of the stock prices are as a consequence of the changes in demand and supply. The
EMH has currently become one of the significant areas in financial literature, and as a result,
there exists much research on this concept (Mlambo & Biekpe, 2007; Lee, Lee & Lee 2010;
Jovanovic, Andreadakis & Schinckus, 2016; Jackson & Kremer, 2007; Hung, 2009).
Malkiel (2003) suggested that “a random walk is a term loosely used in the finance literature to
characterise a price series where all subsequent price changes represent random departures from
previous prices”. It further states that a time series consisting of changes in stock price does not
depend on its past or historical values. Again, this theory suggests that because of the nature of
stock prices to change randomly, it is highly not possible to predict the stock prices. It is prudent
to note that when stock prices follow a random walk theory or model, it does not imply that the
stock market with relatively rational investors is efficient (Malkiel, 2003).
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However, with the discovery of calendar anomalies, the EMH has come under attack in the
financial literature. Calendar anomalies are said to be the likelihood for returns of financial assets
to display systematic patterns at certain times of the day, a particular day, a specific month
(Alagidede & Panagiotidis, 2009; Brooks, 2008, p. 454). The discovery of these patterns has for
the past three decades remained an area of increased interest for researchers since its existence
has been discovered in most developed capital markets in the world. A study by Fields (1931) is
considered as the first documentation of the existence of seasonalities. Fields (1931) analysed the
weekend effect and showed that Saturdays tended to record higher returns than on Fridays and
Mondays. After the study carried out by Fields (1931), many more anomalies have been
discovered
(Dodd & Gakhovich, 2011; Alagidede & Panagioditis, 2009; Mensah, Bokpin & Owusu-Antwi,
2016) and are used to test the efficiency of various stock markets. Some of such anomalies are
the day-of-the-week (Alagidede & Panagioditis, 2009; Mensah et al., 2016), month-of-the-year
(Alagidede & Panagioditis, 2009) and the holiday effect (Dodd & Gakhovich, 2011; Marrett &
Worthington, 2009; Yuan & Gupta, 2014; Wassiuzaman, 2017 & 2018).
Marret and Worthington (2009) pointed out that the existence of calendar anomalies in the stock
market returns is one of the consistent themes in the literature on market efficiency. The different
studies together with their outcomes and explanations associated with the calendar anomalies
make their study and examination even more crucial to all stakeholders in the financial industry.
This has succinctly been emphasised by Jahfer (2015) and Lim, Ho and Dollery (2009) that the
study of calendar anomalies is important to financial managers and investors, as well as, others
who have a keen interest in developing a trading strategy that will lead to profit eventually.
Hence, the most researched calendar anomalies in literature are the day-of-the-week and the
month-of-the-year (Alagidede & Panagioditis, 2009; Mensah et al., 2016). Another of such
calendar anomalies which has not received much attention is the holiday effect which is defined
as “the tendency of stock market returns to exhibit significant higher returns before a holiday in
comparison with the other normal trading days” (Ariel, 1990; Dodd & Gakhovich, 2011; Yuan &
Gupta, 2014).
Generally, holiday effects in stock markets are said to occur when the returns on a day or few
days (differ from studies to studies and could be a day or 5 days) before a holiday exhibit a
pattern that is usually abnormally higher than the returns on other regular trading days.
According to Pearce (1996) and Brockman and Michalyuk (1998), “the ‘holiday effects’ are one
of the most mysterious and baffling of all the seasonal anomalies”. A holiday is defined by
Lakonishok and Smidt (1988) as a day when trading would normally have occurred but did not
as a result of the holiday occurring. Studies on the holiday effect on the various stock market
returns have been approached from various perspectives; in terms of specific holidays such as
Ramadan effect, Halloween effect, Chinese Lunar New Year effect, religious and secular holiday
effects, firm size effect, and industry level effects among others.
Huang, Shieh and Kao (2016) affirm that decision making by human beings always begins with
behavioural finance. Behavioural finance has become a widely popular and relevant concept in
financial literature. It has its roots firmly in the fields of psychology, economics, finance and
sociology (Schindler, 2007; Huang, Shieh & Kao, 2016). Behavioural finance argues that
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behaviours and mood are among the many other factors that affect humans in the shaping of their
investment preferences. There is no doubt that market participants have been exhibiting
“irrational” attitudes as a matter of fact and this is arguably supported by Malkiel (2003) who is
of the view that mistakes are bound to be made as a result of collective judgment of investors.
This leads to the occurrence of pricing irregularities and prediction over some time and their
persistence lasts for a short period. Again, Malkiel (2003) believes that the existence of a holiday
effect is a violation of both the semi-strong and weak form of efficiency because of the patterns
of returns around holidays. As a result, an investor either adopting the technical approach or the
fundamental approach can earn abnormal returns, and this implies that in an efficient market no
such anomaly should exist.
Early studies (Ariel, 1990; Pettengill, 1989; Lakonishok & Smidt, 1988; Kim & Park, 1994)
show that holiday effect exists in developed countries and other studies including Alagidede
(2013) indicate the presence of holiday effects in developing markets. For example, Yuan and
Gupta (2014) examined the Chinese Lunar New Year (CLNY) holiday effect in major Asian
stock markets: South Korea, Japan, Taiwan, China and Hong Kong as well as India for a period
of 1st September 1990 to 28th March 2012. They used an ARMA (1,1) - GARCH (1,1) model to
investigate the daily stock index returns for each market and concluded that in all the Asian stock
markets a positively significant pre-Chinese Lunar New Year effect is observed. They also
employed the ARMA-GARCH-in-mean (ARMA-GARCH-M) model to determine if the
abnormal returns observed before the CLNY holiday was as a result of a reward for risk. From
their findings, they observed that whereas the higher returns in other markets are caused by
unknown factors as well as conditional risk, the higher returns in China were as a result of
compensation for high risks levels. They argued that previous studies that ignored the
distributional properties of the returns series and adopted the Ordinary Least Squares (OLS)
dummy regression model did not acknowledge the reality of this property.
Alagidede (2013), on the other hand, investigated the presence of pre-holiday effects in six
African countries and the implication on stock market efficiency by using OLS dummy
regression model. By estimating a regression model and examining the significance of the mean
and variance of the returns series, South Africa was the only country that showed significantly
high pre-holiday returns. Alagidede (2013) opined that the discovery of a pre-holiday effect
within the period of study could have been as a result of the closing effect which is usually
characterised by high returns for observed financial assets at market closing and good mood
usually exhibited by investors around holidays.
Contrary to previous studies such as Tonchev and Kim (2004) on the holiday effect in Central
and Eastern European countries, Dodd and Gakhovich (2011) documented abnormal positive and
significant post-holiday returns as well as the usual pre-holiday effect. Their paper applied OLS
regression and found out that there was no single industry that was responsible for this effect.
However, the Christmas and New Year holidays were the most common holidays which
produced the highest and significant returns. They finally concluded that the diminishing trend of
the preholiday effect observed was an indication of the improvement in the level of market
efficiency of the countries considered over the period of the study.
Wasiuzzaman (2018) also performed a similar study as Yuan and Gupta (2014) where the study
sought to find the relationship between Hajj pilgrimage on the Tadawull All-Shares Index (TASI)
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and other industrial indices of the Saudi stock market. She used ARMA (1,1) - GARCH (1,1)
model from January 2010 to August 2014 and found that the Hajj period had a significant
increase in volatility for all the indices except for that of the agricultural, petrochemical, food
and retail sectors and an insignificant and negative impact on the mean return of all the sector
indices and the TASI. However, Wasiuzzaman (2017) had established the fact that TASI of
Saudi stock market exhibited a Hajj effect.
Various explanations have been attributed to the existence of holiday effects. First is the existing
relationship between the holiday anomaly and other calendar anomalies. This is to say that
holiday effect occurs as a result of other calendar anomalies such as the day-of-the-week effect
or the month-of-the-year. Researchers such as Lakonishok and Smidt (1988), Ariel (1990) and
Liano, Marchand and Huang (1992) used this explanation and concluded that the high returns
observed on days preceding a holiday were not as a result of the occurrence and existence of the
other calendar anomalies. Secondly, it has been established that holidays affect the mood,
demeanour, attitude, and daily experiences of persons who observe them (Mehran, Meisami &
Busenbark, 2012). It is believed that the euphoria which accompanies holidays, affects the mood
and demeanour of most investors and make them act in ways that tend to affect the activities of
the stock market. The euphoria that accompanies holidays is believed to eventually lead to short
covering and a general and impulse buying pressure (Jacobs & Levy, 1988; Thaler, 1987; Lahav,
Shavit & Benzion, 2016).
Wright and Bower (1992) are of the view that judgements of investors are likely to originate
from their moods, whence a bad mood and a good mood could lead to pessimism and optimism
respectively. Therefore, emotions and moods associated with the various holidays are believed to
tend to exert influence on the decisions of investors and eventually their stock market attitudes.
However, according to Keim (1989), Pettengill (1989) and Lahav, Shavit and Benzion (2016),
the holiday effect discovered over the years was neither as a result of euphoria nor short-sellers
as suggested by previous researchers but could be as a result of an effect of just the market
closing which they termed the “closing effect”.
Overall, the holiday effect can be put into two forms; pre-holidays and post-holidays. The
preholidays are days preceding holidays and post-holidays are days after holidays. However, the
preholiday effect occurs when the returns of pre-holidays are significantly different from the
other regular trading days, and the post-holiday effect occurs when the returns of post-holidays
are also significantly different from the other trading days. Ariel (1990) and Dodd and
Gakhovich (2011), believe that generally before a holiday, investors tend to close their shortselling positions before a holiday and reopen them after the holiday. This phenomenon tends to
increase the pre-holiday returns and decrease post-holiday returns which lead to significant
positive and significant negative returns respectively.
Most equity markets in Africa have relatively smaller sizes as compared to their counterparts in
developed countries. Hence, the data set adopted in stock markets where the holiday effect was
discovered in other parts of the world, cannot be used to explain the behaviour of investors on
the Ghanaian stock market. This is because the variables used in such studies could have been
influenced by distinct factors which are peculiar to their territories. Ghana, just like any other
developing African market is characterised by illiquidity, higher volatility, low number of listed
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firms as well as thin trading which are unique to her environment and as such needs a unique
study to focus on the holiday effect on the Ghanaian equity market.
A variety of studies on the efficiency of the Ghanaian equity market suggest that it is fully
inefficient (Magnuson & Wydick, 2002; Appiah-Kusi & Menya, 2003; Simons & Laryea, 2006;
Jefferis & Smith, 2005; Ntim, Opong, Danbolt & Dewotor, 2011, Mensah et al., 2016). The
indication of this inefficiency serves as a perfect focal point for breeding of market anomalies. A
market can become an efficient market if investors try to beat the market as a result of
inefficiencies discovered (Malkiel, 2003). A further probe into the Ghanaian financial literature
shows that majority of the studies conducted in the field of market efficiency employed the
standard efficiency test such as the correlation test, run test, Augmented Dickey-Fuller test,
random walk models, GARCH models (Magnuson & Wydick, 2002; Appiah-Kusi & Menya,
2003; Simons & Laryea, 2006; Jefferis & Smith, 2005; Ntim et al., 2011) amongst other tests and
models. In the Ghanaian context, however, the existing works on calendar anomalies have
concentrated mostly on the month-of-the-year effect and the day-of-the-week effect (Alagidede
& Panagiotidis, 2009; Mensah et al., 2016).
In relation to the holiday effect, there have been various methods that have been employed by
previous research papers. For instance, Pettengill (1989), Ariel (1990) and Kim and Park (1994)
calculated the mean and variance of the daily returns as well as their respective t-statistics or
chisquare to determine if there existed a difference in their average returns. Later studies such as
Marrett and Worthington (2009), Alagidede (2013), Dodd and Gakhovich (2011) went a step
further to estimate a simple Ordinary Least Square (OLS) dummy regression model to check the
significance and equality of means. However, in their study Chien, Lee, and Wang (2002)
pointed out that the OLS method might not have been a suitable approach for testing the
seasonality in stock markets because of its empirically invalid assumptions (heteroscedasticity,
non-normality and serial correlation). In effect, the use of OLS regression may result in
questionable findings
(Brooks, 2008, p. 386). According to Wasiuzzaman (2017) and Yuan and Gupta (2014), the
ARMA (p, q) - GARCH (x, y) where �, �, �, � ∈ ℤ+ rather appears to be a better model than the
OLS regression to test seasonalities since it has the capacity of treating autocorrelation and
timevarying variance in the data (heteroscedasticity).
This paper is different from other existing papers on developing equity markets in three respects.
First and foremost, extant researches that investigated the holiday effect did not adjust for
thintrading. This study adjusted the returns for thin-trading to remove any potential bias in its
analysis. Again, the study used ARMAX-GARCH model to determine if the Ghanaian equity
market had the holiday effect because it was capable of correcting for autocorrelation and
heteroscedasticity in the data. Finally, the error terms assumed a ��+innovation (Andoh, 2009 &
2010;ah & Atsu, 2018) instead of the usual normal distribution imposed by other researchers.
This is because most financial studies which used GARCH models and assumed normality test
failed to appropriately model the leptokurtic nature of their distribution (tail of dithe stribution)
(Nidhin & Chadran, 2013).
This paper focuses on holiday effect while examining the efficiency of the stock market through
behavioural approach of investors to discover if there are abnormal returns as a result of a
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holiday occurring, using an ARMAX (p, q) - GARCH (1, 1) model, an extension of the ARMA
(p, q) GARCH (1, 1) model proposed by Wasiuzzaman (2017) and Yuan and Gupta (2014).
The rest of the paper is organised as follows: Section 2 focuses on a review of relevant literature.
Section 3 highlights the methodology used in the analysis of the data. Section 4 provides an
analysis and a discussion of the empirical results. Section 5 summarises and concludes the paper.
METHODOLOGY
Method of data analysis
The natural logarithm of the relative price was calculated for each day and a time series made up
of continuously compounded returns was generated. A continuously compounded returns ��
time series (Brooks, 2008, p.7), is defined as inter-daily difference of the natural logarithm of the
daily prices of the assets (��) and is given by:
(2.1)
where �� is the continuous compounded return on day �, ��−1 is the closing market price in period
� − 1 (previous period), �� is the closing market price in period � (current period) and ��� is the
natural logarithm.
Thin trading is said to occur when stocks do not trade at every consecutive interval (Alkhazali,
2008). Emerging markets are on the whole described as having low liquidity, considerable high
volatility, thin trading and perhaps investors that are less informed and have access not only to
unreliable but also delayed information (Bekhaert, Erb, Harvey & Vishanta, 1998; Alkhazali,
2011; Yuan & Gupta, 2014). Hence, in testing the efficiency of the stock markets in these
emerging markets, considering thin trading effects is imperative because it is usually considered
as one of the major characteristics of such markets (Alkhazali, 2011). Most African equity
markets have empirically documented pervasive thin trading (Appiah-Kusi & Menyah, 2003;
Mlambo & Biekpe 2007; Kuttu, 2017) as such, the continuously compounded returns that are
calculated for this study in equation (2.1) were adjusted for the thin trading effect with a
methodical approach used by Kuttu (2017) and propounded by Miller, Muthuswamy and Whaley
(1994). The following autoregressive model of order 1 (AR (1)) is used:
�� = � + ���−1 + �

(2.2)

where � is the constant term, ��−1 is lag of the returns of order 1 or the previous term of the
returns, � is the parameter for the past term of the returns, and � is the error term. The adjusted
returns for thin trading are calculated by:
(2.3)
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The calculated
as �̃�.

is the adjusted for thin trading return at time � and it is hereafter represented

These returns �̃� are then classified into pre-holiday returns, post-holiday returns and other
normal trading days’ returns. The average daily returns for � number of days preceding the
holiday and after the holiday are determined.
Looking for a pattern using event study approach

Event studies, according to Sharpe, Alexander and Bailey (1999), are undertaken to see how
returns react to an event or the release of information. This approach, in the end, is attempting to
see if the returns are high or low, react rapidly or slowly or are just normal before the event. The
event date for this study was defined as a date on which the holiday was declared and was
observed during the period of study. Event studies essentially are usually employed to investigate
the magnitude and relevance of a particular event on another event. The event window was
extended to 8 days before and after the event date, in this case, the date of the holiday. That is,
the event window for this study had 17 days (-8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, 7, 8).
Most researchers found the holiday effect on a day before and a day after a holiday (Ariel, 1990;
Dodd & Gakhovich, 2011; Lakonishok & Smidt, 1988). However, there could be cases that these
investors made preparations long before and in anticipation of the holiday or reacted oppositely
after a holiday. Therefore, this allowed us to explore the timing of market reaction surrounding
the observance of a holiday by investigating if there was any pattern in the returns of the stocks
that could be as a result of a holiday occurring.
ARMAX (p, q) – GARCH (x. y) models
ARMA models incorporating GARCH-type innovations have been widely used to analyse
particularly economic and financial time series data because of their stylised properties which
include leptokurtic, volatility clustering and leverage effects (Makridakis & Hibon, 2000; Brooks,
2008, p. 380; Tolikas, 2011). The ARMA-GARCH models are basic and important because the
theorems and methods obtained in these models form the basis for further inferences for more
sophisticated models (Oh & Lee, 2017). The ARMA-GARCH model seems to be preferably
better to adopt when testing for seasonalities than the OLS regression because ARMA-GARCH
has the capacity of dealing with both autocorrelation and a time-varying variance in the dataset
(Yuan & Gupta, 2014; Wasiuzzaman, 2017; Brooks, 2008, p. 386). One requirement that needs
to be considered when using ARMA models is that the time series under consideration should be
stationary. GARCH models have over the years received a considerable amount of attention from
both the academic and other stakeholders since their discovery by Engle (1982), Bollerslev (1986)
and Taylor (1986). These classes of models have in the past become important and have played a
vital role in financial literature and most especially in the analysis of financial time series data
particularly when it has to do with analysing and forecasting volatility (Angabini &
Wasiuzzaman, 2011).
An extension of the ARMA model is the ARMAX model, which is an Autoregressive Moving
Average (ARMA) model with exogenous input variables, � (Pickup, 2015, pp. 114-115). For
this paper ,the exogenous variables are the dummy variables: preholiday and postholiday. This
allowed us to determine whether the returns of the sub-periods (pre- and post-holidays) are
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statistically and significantly higher than the returns of the normal trading days. The ARMAXGARCH model ,was estimated and modelled in the following form and assumed a ��+
innovation (Andoh, 2009; Yuan & Gupta, 2014; Wasiuzzaman, 2017 & 2018). To determine if
there was a holiday effect in Ghana and to investigate which holidays celebrated led to a holiday
effect, we used the following equations:
�̃� = � + �1���ℎ������ + �2����ℎ������ + ���̃�−� + ��

�−� + �

(2.4)
.5)

where ���ℎ������ and ����ℎ������ are dummy variables that represent 1 for all pre-holiday
average returns and post-holiday average returns respectively and 0 otherwise, � is the average
returns for normal trading days, ��, � = 1, … ,22 are the average returns coefficients for either
preholidays and post-holidays for holiday �.
The innovations of � are modelled as GARCH (x, y) given by:
�=

�0 > 0, �� ≥ 0, �� ≥ 0 , �� + �� < 1

��� ,

(2.6)
(2.7)

(2.8)

where ��2 is the conditional variance based on the historical data, �� expresses how volatility
responds to movements in the market (ARCH effects of the ith order of the AR model) and ��
measures the persistence shocks caused by extreme values of the conditional variance (GARCH
effects of the jth MA model)).
According to Brooks (2008, p. 394), the GARCH (1, 1) is sufficient to capture all the volatility
clustering in the data. Therefore, the study used the GARCH (1, 1) process to model the
volatility present in the returns series data (
and assumed it had a ��+ innovation (see Andoh,
2010 & 2009; Andoh et al., 2018). The estimates of the parameters of the ARMAX-GARCH
model were obtained via a maximum likelihood.
Parameter estimation
Let ( , �) denote the joint density function for a vector of observations defined as:
where � is the parameter space.
For

= ( 1, 2, 3, … , �)

(2.9)

= ( 1, 2) the conditional probability function (or likelihood function) is:
(2.10)
( 1, 2) = �( 1). ( 2| 1)

(2.11)

Therefore, by a repeated application of the definition of the conditional density function, we have
for � number of observations,
= ( 1, 2, 3, … , �), the joint density function is given as:
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(2.12)
where

and

.

The log-likelihood function is given as:
(2.13)
We use the following definition of Andoh (2009):
Definition: A random variable
density

has the

innovation (for short

) if its

function is given by:

(2.14)
The following preposition from Andoh (2009) is needed: let
that
and

. Then a unique

and suppose

such that
(2.15)

To use the

innovation for the ARMA-GARCH model, let

=

.

Hence,

,

where

and

.
The

log-likelihood function

is

obtained

as

follows
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(2.16)

(2.17)

(2.18)

(2.19)
Let
As
of

however, there is no analytical form this term in equation 2.19.
is neglible (See Andoh, 2010). Therefore

is the conditional distribution

given its past information
The negative conditional distribution
of
information
and neglecting the constant in the log-likelihood function is:

given its past
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(2.20)
The values of the parameters are determined numerically by using Matlab R2017a.
Risk metrics
The VaR and the Expected Shortfall (ES) (ES is also referred to as the Conditional Value at Risk
(CVAR)) were used to measure the risk associated with the holiday effect on the Ghanaian
equity market. It is worth noting that the value of the CVaR risk measure is always higher than
the value of the VaR risk measure, simply, because the former is larger than the later by the
average excess of all losses exceeding VaR (Danielson, 2011, p. 87).
Data
This paper utilised mainly secondary data from the Ghana Stock Exchange (hereafter referred to
as GSE) which primarily consists of daily closing prices of both the main financial index on the
GSE; All Shares Index and the Ghana Stock Exchange Composite Index (hereafter referred to as
GSE-CI). Currently, the total number of stocks listed on the GSE is approximately 43 as well as
about 21 Licensed Dealing Members (LDM). The dataset for this study had a total of 2476
number of daily observations. The data used to carry out this empirical research was divided into
three groups: pre-holiday days (105 observations), post-holiday days (105 observations) and
other normal trading days (2266 observations). When identifying the existence of a holiday
anomaly within the dataset used, the long period of daily historical data will help capture the
various trends both within short and long periods because the larger the size of the data, the
better estimates are believed to be.
The period of this study is from 3rd January 2007 to 30th December 2016; a 10-year period. The
year 2007 was used because in 2006 the trading days changed from 3 days to 5 days while the
year 2016 was the last full year that data could be obtained. This study used a more recent set of
data for its analysis because changes and trends that have occurred in the past would have been
documented. The same dataset was also used to examine the risk pattern around holidays.
The holidays to be considered are as follows: “New Year’s Day, Independence Day, Good
Friday,
Easter Monday, May day, African Union day, Republic day, Eid-ul-Fitr, Eid-al-Adha, National
Founder’s day, Farmers’ day, Christmas day and Boxing day”. These holidays are public
holidays as defined by the Holidays Act-2001 (Act 601), approved by the country’s Ministry of
Interior. However, there is no trading when any of the above falls on a week day due to the
observance of the holiday. The dates of the holidays were collected from the Ministry of Interior
website.
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However, for this paper, holidays such as “Good Friday” and “Easter Monday” are put together
and referred to as Easter holiday while “Christmas day” and “Boxing day” are also considered
Christmas holiday.
The pre-holidays are described as one or more number of days before a holiday. The postholidays are also described as one or more number of days after a holiday. Normal trading days
are any other trading around which no holiday occurs. However, trading on the Exchange takes
place on all days except for days on which a holiday is observed. Hence, trading takes place on
normal days, pre-holiday days and post-holiday days.
According to the descriptive statistics of the daily return series adjusted for thin trading as
shown in Table 1, the normality is rejected, and the residual diagnostic test performed on the data
indicated that the data is not well-behaved because it had the presence of heteroscedasticity,
serial correlation and non-normality. However, the data was stationary.
Table 1: Descriptive statistics of thin trading adjusted stock returns
ADJUSTED RETURNS

Observations

Mean
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
Jarque-Bera
ARCH(p)
ADF

-3.63E-17
10.5070
-11.3630
0.8380
-0.7240
40.3870
144307.7000***
102.3330***
-12.3890***

2474.0000

Notes: *** denotes statistically significant at 1%, ADF denotes Augmented Dickey Fuller unit
root test, ARCH(p) is the Engle (1982) test for ARCH with order p. Data source: GSE, 20072016

EMPIRICAL RESULTS
Event study
Event date is defined in this study as the day on which the holiday occurred during the period of
study. An event window around each holiday was centred such that there was the one day before
and one day after a holiday event window, and 2nd day before and 2nd day after a holiday event
window till the 8th day before and 8th day after a holiday event window. The creation of these
different event windows was to enable the determination of any abnormal price reactions
following shortly after or leading up to the occurrence and observance of a holiday. The
estimation window was created for each defined event window. The data failed the normality
test as shown in the descriptive statistics table; Table 1. The study, thus, focused more on the
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ARMAX-GARCH results because of the non-normality of the error terms in the data and the

VARIABLE

±1

±2

DAY WINDOW
±4
±5

±3

±6

±7

±8

presence of heteroscedasticity and serial correlation. ARMA (2, 2) was used to run the estimation
because it had the least information criteria value (shown in Appendix B) and based on the
regression model stated in equation (2.4), the parameters of the ARMAX model was estimated
and the results presented in Table 2.
Table 2: ARMAX regression results (pre- and post-holiday effects)

C

0.0002
(0)

AR(2)

0.8411**
0.8426**
(0.00106)
(0.0009)

-0.0007
(0)

0.0002
(0)

0.0011
(0)

0.0002
(0)

0.0002
(0)

0.0000
(0)

0.5406**
(0.0073)

0.8022**
(0.0011)

0.850**
(0.0011)

0.8366**
(0.0036)

0.8142**
(0.0009)

0.8401**
(0.0009)

(0.0012)
0.8143

(0.0075)
0.8026

(0.0013)
0.8093

(0.0015)

(0.0015)
0.8141

(0.0013)
0.8128

(0.0013)
0.8138

0.0229**
(0.0051)

-0.565**
(0.0408)

-0.270**
(0.0273)

-0.098**
(0.0178)

0.0380
(0.0393)

0.1939**
(0.0096)

0.1359**
(0.0228)

0.0562**
(0.0233)

0.0363**
(0.0051)

-0.098**
(0.0120)

-0.030**
(0.0093)

0.1892**
(0.0089)

0.0762
(0.0089)

0.0894**
(0.0098)

0.0104
(0.0173)

-0.711**

-0.714**

-0.376**

-0.664**

-0.728**

-0.707**

-0.695**

-0.714**

(0.0014)

-0.261**
(0.0684)

PRE

POST
MA(2)

-0.0003
(0)

SEregression 0.8142 0.8130
Log
Likelihood
3.0E+03
AIC

-3.0E+03
-3.0E+03

-0.4090
-0.4126

-3.0E+03
-3.0E+03

-0.4089
-0.4101

-2.9E+03

-0.4379

-2.9E+03

-0.4211

-3.0E+03

-0.4120

-

-0.4094
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HQC -0.4047
-0.4083

-0.4047
0.4058

-0.4336

-0.4168

-0.4078

-0.4051

SBIC -0.3972
-0.4009

-0.3972
-0.3983

-0.4261

-0.4094

-0.4003

-0.3977

Source: Authors’ calculations, using MatlabR2017a.
A cursory look at Table 2 above shows abnormal returns for different days within the event
window of interest. The regression results show that existing investors on the GSE have over the
10 years of the study exhibited diverse trading patterns with regards to the observance and
celebration of a holiday. For instance, on the 8th day before a holiday, investors are seen to have
engaged in substantially higher trading activities (average returns of about 13.59 per cent). Again,
approximately 19.39 per cent was recorded on the 7th day before a holiday and represents the day
on which the most trading activities occurred. However, from the 1st day to the 5th day before a
holiday there was a major reduction of trading activities with some fluctuations between these
days.
However, a closer analysis of this same table reveals that the GSE documented both pre-holiday
and post-holiday effects because, for most of the days, the returns from pre-holidays or
postholidays are much higher than those of other normal trading days. These results could be an
indication that on the whole, the GSE is informationally inefficient as suggested by Dodd and
Gakhovich (2011). Pre-holiday effects occurred on the following windows; the 2nd day, the 7th
day and the 8th day before a holiday because the other five windows either recorded lower returns
(in comparison to returns of normal trading days) or had results that were not significant. Also,
post-holiday effects occurred on all windows except on the 3rd day, 4th day, 6th day and 8th day
after a holiday. It is worth noting that despite the significant results recorded in windows such as
(+1 day), (-3 days, +3 days), (-4 days, +4 days) and (+5 days), there were neither pre-holiday
effects nor post-holiday effects. This is because during these windows the average returns were
lower than those of the normal trading days.
On the occasion where the average returns were positive, it implied that the market experienced
greater returns. Conversely, the market underperforms when it recorded negative returns. Hence,
the highest average return of 19.39 per cent for the period; pre-holiday days which occurred on
the 7th day before a holiday may be due to the euphoria associated with holidays, meaning
investors on the GSE currently tend to trade more on the 7th day before a holiday, in anticipation
of the holiday as suggested by Gama and Vieira (2013). Again, the principle of demand and
supply where excess demand leads to increase in price level may explain the phenomenon
observed on the 5th day after a holiday and the post-holiday effects recorded the highest average
returns of about 18.92 per cent. Another explanation for these observations may be as a result of
buy-sell strategies as iterated by Meneu and Pardo (2004), where investors are just willing to buy
before a holiday and buy after a holiday. These findings are not consistent with the findings of
Ariel (1990) and Dodd and Gakhovich (2011) who found holiday effects occurring on one day
before and one day after a holiday in the US and some selected Central and Eastern European
countries respectively. These findings as discussed above were significant at 5 per cent
significance level.
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Comparing the returns for the 5th day and the 7th day (these days recorded the highest return as
shown in Table 2), the 7th day had the least information criteria (AIC, HQIC and SBIC) which
are an indication that it is the best model fit for this data set in this study. Hence, the holiday
effect on the Ghanaian equity market occurs on the 7th day before and 7th day after a holiday. The
preholiday effect discovered supports the results of Alagidede (2013), Ariel (1990) and Dodd
and Gakhovich (2011). Again, the positive post-holiday effect observed in the results was the
same observation discovered by Dodd and Gakhovich (2011) which is a contradiction to studies
by Ariel (1990) who opined that usually investors after a holiday open their short-selling
positions which leads to lower and sometimes negative post-holiday returns. This implies that
currently, investors on the GSE trade more on the 7th day before and the 7th day after a holiday.
During this period the average returns before a holiday are about 19.39 per cent and 8.94 per cent
after a holiday.
Finally, the significant pre- and post-holiday effects suggest that investors can take advantage
of this anomaly and trade before or after a holiday on the GSE. For instance, on the (+7, -7)
window the pre-holiday return is positively significant and about 969.5052 times higher than the
average return for normal trading days. The post-holiday returns are 44753 times higher than the
average returns for normal trading days.
Specific holiday
Table 3: ARMAX regression results for specific holidays

52
53

Variables
C

Coefficient
0.0003

Std. Error
0.0000

AR(2)
NYPRE
NYPOST
INDEPRE
INDEPOST
EASTERPRE
EASTERPOST
WORKERPRE
WORKERPOST
AUPRE
AUPOST

0.8215**
0.4894
-0.2677
0.2755
0.1654
0.1589
0.1226
0.4393
0.4793**
0.5168
-0.0453

0.0039
1.1576
1.4057
0.5114
0.4033
0.8166
0.2949
0.2358
0.2413
0.2978
0.0957

�Statistics
0.00
211.2864
0.4228
-0.1904
0.5387
0.4101
0.1946
0.4157
1.8627
1.9864
1.7353
-0.4736

Based on results from Table 2,
Based on results from Table 2,
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REPUPRE
0.1753
REPUPOST
-0.025
FITRPRE
0.1771
FITRPOST
-0.1375
ADHAPRE
0.5874
ADHAPOST
-0.0221
FARMERPRE
0.9374**
FARMERPOST
0.4615**
XMASPRE
0.0794
XMASPOST
0.0075
FOUNDERPRE
-0.1498
FOUNDERPOST
-0.2566
MA(2)
-0.6968**
Notes: **- 5% Significance level

0.1768
0.0551
0.2055
0.8056
0.4449
0.0514
0.2223
0.1044
0.3298
0.0283
0.3531
0.2384
0.0046

0.9916
-0.4534
0.8618
-0.1707
1.3202
-0.4301
4.2167
4.4224
0.2408
0.2652
-0.4242
-1.0764
-151.9870

Source: Authors’ calculations, using MatlabR2017a.
Abbreviations:
pre – pre-holiday effects, post – post- holiday effects.
nypre – New Year day pre, nypost – New Year day post, indepre – Independence day pre,
indepost
Independence day post, aupre - African Union day pre, aupost – African Union day post, repupre
Republic day pre, repupost – Republic day post, fitrpre – Eid-il-Fitr pre, fitrpost – Eid-il-fitr post,
adhapre – Eid-al-Adha pre, adhapost – Eid-al-Adha post, farmerpre – Farmers day pre,
farmerpost – Farmers day post, xmaspre – Christmas day pre, xmaspost – Christmas day post,
founderpre –
Founder’s day pre, founderpost – Founder’s day post.
The results in Table 3 suggest that Farmers day holiday celebrated in Ghana is responsible for
the pre-holiday effect observed in Table 3. Again, both the Farmers day holiday and the Workers
day holiday are contributing to the post-holiday effects documented in Table 2. These results
show that there is some evidence of the existence of abnormally high returns on the 7th day
before Farmers’ day of about 93.74 per cent and on the 7th day after both Farmers’ day and
Workers day of about
46.15 per cent and 47.93 per cent respectively. Again, these returns are significantly different
from zero at 95 per cent confidence level.
Generally, there seems to be insufficient evidence for individual holidays generating significant
returns in this study. Out of the 11 holidays considered in this study only two exhibit significant
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results. Even holidays that are regarded as highly celebrated such as the New Year and Christmas
holidays did not exhibit any significant results, contrary to Dodd and Gakhovich (2011).
The holiday effect on the GSE is further examined to substantiate if investors are influenced by
strictly Ghanaian-specific observed holidays or non-Ghanaian specific holidays. Ghanaian
holidays, for the purpose of this study, are holidays that are celebrated uniquely and only
recognised in Ghana. They include the Independence Day, Republic day, Farmers’ day and
Founders day holidays. From the results on Table 4 A), both Ghana- specific holidays and
NonGhanaian specific holidays contribute to the holiday effects observed in Table 2.
Again, the results from Table 4 B) show that there are significant and positive pre-holiday and
post-holiday effects for Ghanaian holidays and only a positive and significant pre-holiday return
for Non-Ghanaian holidays. However, the average return for days before Ghanaian holidays are
greater than the other three categories, an indication that there are more trading activities in the
market during such periods.
Table 4: ARMAX regression results for Ghana specific holidays and non-Ghana specific
holidays

A) GENERAL
VARIABLES COEFFICIENT
C
AR(2)
GH
NONGH
MA(2)
STD.

�- VARIABLES

ERROR

STD.

0.0003
0.8216**
0.1382**
0.0571**
-0.6893**

0.0000
0.0011
0.0110
0.0127
0.0014

B) PRE AND
COEFFICIENT

POST
ERROR

C
AR(2)
GHPRE
GHPOST
NONGHPRE
NONGHPOST
MA(2)

0.0004
0.8192**
0.1817**
0.0793**
0.0860**
0.0213
-0.6857**

�

STATISTICS

0.0000
0.0011
0.0232
0.0204
0.0110
0.0275
0.0014

0.0000
772.2915
12.6017
4.4957
-480.0904
STATISTICS

0.0000
743.9250
7.8348
3.8870
7.8412
0.7744
-472.9686
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Notes:

**- 5% Significance level
NONGH- NON- GHANA SPECIFIC HOLIDAY
GH- GHANA SPECIFIC HOLIDAY

Source: Authors’ calculations, using MatlabR2017a.
Risk measures
As opined by Andoh (2010) one interesting property of the ��+ innovation is the malleable
nature of the skewness and shape parameters. This is important because of the empirical features
of assets returns (such as leptokurtic- fatter tails). With the use of the ��+ innovation, one is able
to choose the appropriate parameter that will appropriately represent the true nature of the
distribution of the data and, this is done by adjusting at least one of the parameters and in this
case the skewness parameter, �. The options for a suitable parameter � for this study were
estimated and are shown in the Table 5.
Table 5: VaR estimates for thin trading adjusted returns with possible asymmetry in the
innovations
PARAMETERS

0.1000

�0

0.2300

�1

0.6000

LEVEL OF
UNDERLYING
DISTRIBUTION

�1

� % VaR

0.05 00

0.025 0

0.01 00

��� +(0.5)

0.0784

0.0574

0.0396

��� +(0.9)

0.0651

0.0440

0.0222

��� +(5.1)

0.0505

0.0255

0.0125

��� +(10 .1)

0.0501

0.0246

0.0121

��� +(11 .1)

0.0497

0.0246

0.0121

��� +(12 .1)

0.0497

0.0246

0.0117

Note : ��� + - Standardis ed �� +

() are the parameter choice of the skewness (�)

Source: Authors’ calculations, using MatlabR2017a.
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In Table 5, the estimate for the level where the skewness, � = 12.1 is preferred because it has the
closest values for the various levels of VaR at 5 per cent, 2.5 per cent and 1 per cent. Also, the
non-negativity and stationarity assumptions were adhered to. Figure 1 shows 5 per cent VaR
estimates (dashed lines) as well as the VaR exceedances (dotted lines) of the GARCH (1, 1)
process

with a ��+ innovation for the period 2007-2016. The

exceedances (dotted line) are the times where the VaR exceeded the 5 per cent VaR levels. The
next section examined the VaR and CVaR for the various sub-periods: pre-holiday, postholiday
and normal trading days. The VaR at 5 per cent significance level for each period was calculated
and compared amongst one another. The results are displayed in Table 6. (Insert Table 6 here)
The results in Table 6 shows the Value-at-Risk (VaR), and the Conditional Value-at-Risk
(CVaR) estimates at 5 per cent significance level for the sub-periods considered include the preholiday days, post-holiday days and the normal trading days. From the results, the risk measures
for the normal trading days are higher than the other two sub-periods. Hence, in the worst 5 per
cent of returns, an investor’s average loss is approximately 8.43 per cent during post-holiday
days on the GSE, and for an investor on the GSE, there is a 5 per cent chance to lose about 8.78
per cent of his or her return during pre-holiday days. This could be an indication that the high
and abnormal returns observed in Table 5 above for the pre-holiday and post-holiday returns (in
comparison to that of the normal trading days) could not be as a result of bearing higher risk as
observed by Yuan and Gupta (2014) in China.
However, it could be as a result of other unknown factors as iterated by Yuan and Gupta (2014)
as possible explanations for other countries where their risk measures were relatively lower.
Table 6: 5% VaR and 5% CVaR estimates for the adjusted for thin trading returns for the period
03.01.2007 to 30.12.2016 for the various holidays
Variables
NYPRE
NYPOST
INDEPRE
INDEPOST
EASTERPRE
EASTERPOST
WORKERPRE
WORKERPOST
AUPRE
AUPOST
REPUPRE
REPUPOST
FITRPRE

0.0156
0.0096
0.0038
0.0037
0.0038
0.0069
0.0062
0.0054
0.0052
0.0090
0.0083
0.0072
0.0079

0.0156
0.0100
0.0038
0.0037
0.0042
0.0069
0.0066
0.0054
0.0052
0.0090
0.0083
0.0072
0.0083
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FITRPOST
ADHAPRE
ADHAPOST
FARMERPRE
FARMERPOST
XMASPRE
XMASPOST
FOUNDERPRE
FOUNDERPOST
NORMAL

0.0054
0.0089
0.0055
0.0065
0.0172
0.0180
0.0111
0.0039
0.0040
0.5755

0.0062
0.0089
0.0055
0.0069
0.0176
0.0180
0.0111
0.0043
0.0040
0.6219

Source: Authors’ calculations, using MatlabR2017a.
From Table 6 it is observed that the risk levels associated with some of the holidays (Workers
post and Farmers’ pre) that had significant returns as observed in Table 3 are relatively lower.
Workers post-holiday had a CVaR of approximately 0.541 per cent, and Farmers pre-holiday of
about 0.694 per cent are comparatively lower than that of the other holidays considered in this
study. These are indications that the significant results shown in Table 3 for both Farmers
preholidays and Workers day holiday may be as a result of other factors such as mood or closing
effect.
This notwithstanding, the Farmers post-holiday recorded the third highest CVaR of
approximately
1.757 per cent after that of the Christmas pre-holidays (1.797%) and Normal trading days
(62.19%). This value is an indication that the abnormally high returns observed in Table 3 for
Farmers post-holiday may be as a result of their associated risk.
Generally, it is observed that all the holidays from both Table 7 and Table 8 have VaR and
CVaR values below 5 per cent.
Table 7: 5% VaR and 5% CVaR estimates for Ghana-specific and non-Ghana specific holidays

Ghana-specific
��� 0.05

���� 0.05

Non-Ghana specific holidays holidays
0.0536

0.1148

0.0548

0.1173

Source: Authors’ calculations, using MatlabR2017a.
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Table 8: 5% VaR and 5% CVaR estimates for pre- and post-holidays of Ghana-specific holidays
and
non-Ghana
specific
holidays
riables

��� 0.05

GH. PRE
0.0223
GH. POST
0.0318
NON-GH. PRE
0.0606
NON-GH. POST
0.0519
Note: GH. –Ghana-specific, NON-GH- Non-Ghana specific.

���� 0.05

Va

0.0231
0.0322
0.0637
0.0532

Source: Authors’ calculations, using MatlabR2017a.
From Tables 7 and 8, it is generally observed that the risk levels associated with the returns of
Ghana- specific holidays are relatively lower than that of the non-Ghana specific holidays. This
again is an indication that the returns that contributed to the pre-holiday and post-holiday effects
in Table 4 did not have their associated risk levels as a contributing factor.
A robustness test on the standardised residuals (��) and the squared standardised residuals (��2)
was performed and reported in Appendix C and shows there was no ARCH effect in the
standardised residuals and squared standardised residuals. Whereas, there was no serial
correlation in the squared standardised residuals, beyond the 7th lag there was evidence of
relatively little serial correlation in the standardised residuals. The two variables showed that
they were not normally distributed but leptokurtic. This is a confirmation that the ARMAXGARCH model is an appropriate model for the data used for the study.

CONCLUSION AND RECOMMENDATIONS
The results suggest that there exist statistically significant positive pre-holiday effects and
positive statistically significant post-holiday effects on the Ghanaian equity market.
Furthermore, the study showed that the pre-holiday effects and post-holiday effects discovered
occurred on the 7th trading day before and on the 7th trading day after a holiday. Significant preand post-holiday returns are implications that investors can take advantage by trading on the 7th
trading day before and the 7th trading day after a holiday which means that there might be a
possibility for investors to earn abnormal returns in these sub-periods.
Again, whereas, the 7th trading day before and the 7th trading day after the Farmers day holiday
contributed significantly to the pre-holiday and post-holiday effects respectively, only the 7th
trading day after the International Workers day (Labour day) holiday contributed significantly to
the post-holiday effects. This suggests that on these days, the average returns on the GSE are
abnormally higher than the returns on normal trading days indicating that on these days’
investors tend to trade more.
Conclusion
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The study revealed that the Ghana-specific holidays which are defined as holidays that are
celebrated uniquely and only recognised in Ghana have pre- and post-holiday effects. The
nonGhana specific holidays which are holidays that are celebrated both locally and
internationally, on the other hand, recorded only a pre-holiday effect. The results show that
generally, only nonGhanaian specific post-holiday returns are insignificant at 5 per cent. The
highest average return was documented in the Ghana-specific pre-holiday days, followed by nonGhana specific preholiday and the Ghana-specific post-holiday had the least average return. This
shows that investors could take advantage of Ghana-specific pre-holiday days in terms of the
holiday effect. Generally, investors are usually attracted to take on higher risks which usually
come with higher returns.
However, the results from the study show that the significant abnormal returns observed in both
the pre- and post-holidays sub-periods were not serving as compensation to existing investors on
the Ghana Stock Exchange for taking a higher level of risks because the risk measures for the
normal trading days were higher than the other two sub-periods.
Also, the Farmers post-holiday returns amongst the other holidays considered recorded the
second highest Value-at-Risk (VaR) and Conditional Value-at-Risk (CVaR) estimates, whereas
the other two holiday days (Farmers pre-holiday and Workers post-holiday) that recorded
significant abnormal returns had relatively lower risks. These are indications that this could be
the explanation for the abnormal returns observed during the Farmers post-holiday days and
other factors such as mood, euphoria, closing effect could explain the Workers pre-holiday and
Farmers pre-holiday abnormal returns. Again, the associated risk for non-Ghana specific preholiday days was the highest, and the lowest was recorded for the Ghana-specific pre-holiday
days. Hence, investors could take advantage of the Ghana-specific pre-holiday days because the
risk associated with these average returns are minimal.
Finally, the overall results showed that returns on the 7th day before International Workers day
and the 7th day after either International Workers day or Farmers’ day or both were abnormally
higher and statistically significant. These results indicate that on Workers day and Farmers day
the GSE experienced stronger investor reactions than on the other holidays, and therefore
investors should trade on these days without necessarily worrying about their risk levels. The
results also show that mood may not be the reason associated with the occurrence of the holiday
effect since holidays such as Christmas, New Year and Easter had insignificant returns.
Recommendation and direction for further research
With the discovery of the holiday effect on the Ghanaian equity market and an eventual
indication of the inefficiency of the market, investors on the GSE can make abnormal returns by
taking advantage of this calendar anomaly. Again, with the indication of the inefficiency of the
GSE, it is prudent for the regulatory bodies especially the Security and Exchange Commission
(SEC) and the Ghana Stock Exchange (GSE) to formulate policies that are geared towards
making the stock Exchange in Ghana efficient. These policies should encourage investors to take
advantage of this anomaly because according to Malkiel (2003) a market can eventually become
efficient if its inefficiencies are taking advantage of. This claim is supported by Philpot and
Peterson (2011) who explained that particularly the day-of-the-week effect had gradually
disappeared since 2003 and attributed it to the fact that investors had incorporated these patterns
in their trading strategies with the widespread of its knowledge of existence.
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Direction for further research
The number of years considered for this study was 10, this period compared to similar works
done by Ariel (1990), Kim and Park (1994) and Dodd and Gakhovich (2011) could be referred to
as a short period. There is, therefore, the need for further studies to consider larger observations
by using hourly returns. It will be intriguing also to investigate the significance of the holiday
effect by controlling for other market anomalies such as the month-of-the-year and day-of-theweek effects. This will determine if the holiday effect discovered is as result of other calendar
anomalies. Additionally, investigating the holiday effect in relation to the following themes: firm
size level, industry level, liquidity and its persistence over time will help determine which
industry, firm size level experiences the holiday effect and if the holiday effect is persistent over
time. Finally, investigating the spillover effects of public holidays in other nations such as
Nigeria on the GSE will help know if holidays celebrated in other countries affect the way
investors react on the GSE.
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APPENDICES
Appendix A
Figure 1: Adjusted for thin trading returns, 5% VaR estimates and VaR exceedances
estimates from 2007 to 2016.
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Source: Authors’ calculations, using MatlabR2017a.

Appendix B: Model specification for ARMAX model
To determine the order that will best fit the data in this study the information criteria was used.
The results are shown in Table B.1 a) and Table B.1 b) below:
Table B.1: Model Specification for ARMAX (p, q) model.
Table B.1 a)

p

0
2

0
3

0
4

0
0

0
1

1
2

1
3

1
4

1

1q

Adj T 2476

2476

2476

2476

2476

2475

2475

2475

2475

2475

T

2476

2476

2476

2476

2476

2476

2476

2476

2476

2476

K

2

2

2

2

2

2

2

2

2

2

AIC

-0.402 -0.402 -0.422 -0.405 -0.418 -0.402 -0.401 -0.422 -0.405 -0.418

0

1

HQC -0.400 -0.398 -0.419 -0.414 -0.414 -0.398 -0.397 -0.418 -0.401 -0.413
SBIC -0.395 -0.392 -0.413 -0.395 -0.408 0.392

-0.389 -0.410 -0.393 -0.406

Note: Adj T denotes the length of sample used for estimation after holdback adjustment, T
represents the number of observations and K represents the number of exogenous variables.
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Table B.1 b)
2

2

2

2

2

3

3

3

3

3

0

1

2

3

4

0

1

2

3

4

Adj T 2474

2474

2474

2474

2474

2473

2473

2473

2473

2473

T

2476

2476

2476

2476

2476

2476

2476

2476

2476

2476

K

2

2

2

2

2

2

2

2

2

2

AIC

-0.429 -0.429 -0.441 -0.431 -0.436 -0.406 -0.406 -0.425 -0.408 -0.420

HQC -0.426 -0.425 -0.437 -0.427 -0.432 -0.402 -0.402 -0.421 -0.403 -0.416
SBIC -0.420 -0.417 -0.429 -0.420 -0.425 0.396

-0.394 -0.414 -0.396 -0.408

Source: Authors’ calculations, using MatlabR2017a.
The Table B.1 a) and Table B.1 b) show the information criteria associated with the various
orders
(p, q) for the ARMAX model. For example, the order (1, 0) had an AIC value of -0.402, order (1,
4) had a SBIC value of -0.406 and order (3, 3) had an HQC value of -0.403. The order that best
fits the data for the ARMAX model is order (2, 2) (the bolded values) because it recorded the
lowest information criteria.

Appendix C: Robustness Test
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Variables

Stats.

Prob.*

��

0.1932

0.000

0.1247

0.000
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