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ABSTRACT

This research seeks to solve the problem of increasing boarding feeding érant each
time food price escalates by modelling food items as a knapsack problem and
optimizing purchases using knapsack algorithm so as to efficiently purchase food
items from suppliers with the same grant. The model used is the bounded knapsack
model, which consists of an objective function t.citking into account the cost of items
purchased and the number of times the item is required in the menu.

Secondary data obtained from Tema Senior High School’s was coded in Matlab and
analysed. The following were the results and conclusions; the model adequately
solves the problem and if used, the school would optimize purchases thereby saving
an amount of Gh¢68,374.12 on the Government feeding grant per term. The study
recommends the following amongst others; First, that Senior High Schools such as
Tema Senior High School that provide boarding and feeding should use the model in
selecting quantities of items to be purchased in relation to their menu. Second, that
the schools practice bulk purchases because prices are beaten down as a result of
discount. Finally, that consortiums of school build one warehouse in each Region, so

that, perishable and non-perishable food items could be stored for a longer period.
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CHAPTER 1

INTRODUCTION
“In the face of global crises, we must now focus on how school feeding prﬁgrams
can be designed and implemented in a cost-effective and sustainable way to benefit

and protect those most in need of help today and in the future.” By Robert Zoellick

(2009), president of the World Bank Group.

1.1 PROFILE OF TEMA SENIOR HIGH SCHOOL

Tema Senior High School was established and commissioned on 22" September
1961 with an initial student population of fifty two (52) and six (6) members of staff.
Dr F.K Buah was the first Headmaster. It was mainly an Arts and Science Institution.

In the same year (1961) the student population increased to a hundred and five (105).

Currently about fifty (50) years down the line the student population is one thousand

six hundred and eighty four. Out of this number one thousand two hundred and

eighty-four are boarders.

Over the years, this great school has been stewarded by nine seasonal educationalists
who believed in academic excellence and total.persc}nal development. These great
headmasters over the years are as follows fron; the first to the present. Dr. F. K
Boah,f Mr. K. A. Yirenkyi, Mr E. L. A. Lamptey, Mr W.K. Agbelie, Mr. A K.
Agyepong, Mr. E;mw, Mrs. Victoria Opoku, Mrs. Eunice Naadu Quansah

and the current is Mrs. Elizabeth Ama Asare




Tema Senior High School has changed with the changing educational reforms. In
1961, it offered subjects in Arts and Science with no business subjects pursued. Also
the final examinations were the Ordinary Level and the Advanced Le\;'el School
Certificate. When the 1987 educational reform was introduced the school considered

adding new programs considering the number of streams in the school.

The school now offers four out of five programs in the new educational reform. The

programs offered are General Science, General Arts, Business and Vocational

Science.

Tema Senior High School has several departments including the ICT department,
Science Department, Business Department, Visual Arts department, Mathematics
Department, Home Economics Department, Social Sciences Department, Language
Department, Physical Education Department, éatering Department, among others.
The school has a domestic bursar who works with a team of cooks. Not forgetting a

hardworking dining hall master, who addresses complains by students.

1.1.1Catering Department

The school has many departments including the catering department. The catering
department has the following number of staff: 4 catering officers or Matrons, 16

cooks and 6 pantry hands. The department has the following infrastructure and

equipment -
— _,,,-f"—'—____
e Dining hall
e Kitchen

¢ Bread Room




e Grinding Room
e Three Store Rooms
e Two Deep Freezers Fridges

The department has most of the cooking and storage equipment for catering in

Second Cycle Schools only with the exception of

e Cold Room

¢ Bread Cupboard.
The department has been battling with a few problems, the major one being the
Government Approved feeding fee per head per day of Gh¢ 1.40 as at 2010-2011
academic years. The daily costing often lies between GH¢1.50 to GH¢2.00. This
academic year 2011-2012 the approved feeding fee per head per day has been
increased to GH¢1.80 and again food prices has shot up. The department wishes the

government find a lasting solution to this problem.

However, they observed that, when they made bulk purchases, it helped them

especially as it beats down the prices and helped them achieve their targeted daily

costing.

1.1.2Payment of food

Gh_@éjan students enioy tuition-free education. A separate fee is however payable by
boarding students. This fee covers the cost of boarding, feeding etc. The boarding

fees are determined by the government and are revised from time to time. Some




students receive grants under various schemes to cover the cost of boarding and any

other fees.

Foreign student, however, have to pay tuition, as well as boarding fees, if they are
boarders. The boarding fees only cater for the student’s feeding. The school may

decide to charge for PTA or other charges. I would only concentrate of the boarding

feeding fee.

The payment of boarding feeding fee in Tema Senior High School is done in three

ways.

e T.M.A Scholarship
e (CMB boarding Scholarship
e Companies, Churches, and Organizations scholarship
e Parents or Guardian
The fee is calculated based on the government approved fee per head of Gh¢ 1.80 by

the number of days the student would spend in the school totalling an amount of

GH¢168.80

PAYMENT OF BOARDING FEEDING FEE IN TEMASECONDARY SCHOOL

KEYS
@ Parents and Gardians

M@ TMA scholarship

il Companies&Organizations

@ CMB scholarship




Figure 1.1 Payments of Fees

Government increases the feeding grant each academic year and this has brought
untold hardship to most parents since they have to find extra money to pay for their
wards fees. This often results in lots of students dropping out of school or becoming

day students and attending classes on empty stomachs.

FEEDING GRANT COST PER HEAD PER DAY

2009-2910 academic 2010-2011 academic 2011-2012 academic
year year year

Figure 2.2 Feeding Cost

Hence the big question is that should government increase the grant whenever
inflation of food process increases? Or should government maintain the price which
also results in food shortages. This is why there is the need to optimize the feeding

grants. And this is what the thesis seeks to solve.

1.1.3 Procurement process in the purchase of food items

The procurement committee is made up of five members, including

e Procurement committee chairperson

e Store keeper

e Head of the English department




e Dining hall master ( not a permanent member )

e Any teacher could be called upon to join the committee for transparency
During the vacation period, the committee sends an advertisement in the newspapers.
Then interested suppliers would bring their price quotations as well as samples of the

items they wish to supply. All of which would be sealed either in envelopes or

packaged and kept in the tendering box.

A period of one month is set as the waiting ﬁeriod, during which all suppliers are to
send in their tenders. After this period, another date is announce through the same
media, which informs all tenders to come to a meeting where the tender box would
be opened. All the tenders are read out in a fair and transparent way. After the
tenders are made public the committee alone meets at another date to evaluate and
select the winners of the various contracts. The following are the criteria for
selecting the winners;

e Income tax (whether or not the supplier has satisfied his/her tax obligation)

e Vat registration (whether supplier has registered vat)
e Price quotation ( this is not to say the lowest price is what is considered over

quality)

e Product quality (as to the specification by the committee)




1.1.4 Terms of bridge of contract

A period is allowed for suppliers to prepare to supply. Usually the supply date is

normally the start of the academic term. However a contract can be terminated under

the following circumstances

e When the supplier is not able to supply during the first week of the academic

term.

e When the quality of goods supplied is below the quality of the sample
brought during procurement process
e When supplier increases the price.
In this situation. the committee would not just call the next supplier who could have
equally won the contract. But another procurement process would have to be done,

in order to fill in the vacant position.

1.1.5 History of Problem

In (2008-2009) academic year, the approved feeding grant was 80p. In (2009-2010)
academic year, the approved feeding grant was 1.20p. Then in (2010-2011) academic
year the grant was increased to 1.40p, and currently (2011-2012) academic year it’s
now 1.80p. Hence, the government have been increasing the feeding grant each
academic year and this affects students who are not benefiting from the grant
because they don’t hail from the catchment areas. Also heads of institutions running

the boarding system have been battling with how to efficiently manage the grant so

as to feed large numbers of students on a meagre grant, irrespective of inflation on

food prices over the period.




The government feeding grant is calculated as per head per day of all meals taken by
each smdent as well as catering for the purchases of cooking utensils, fuel, food
items, among others. This is a major challenge facing all government second cycle
institutions across the country. This is due to the fact that within the academic year,
we have both the harvesting season and the lean seasons. In each of these seasons

food prices differ, hence it becomes very difficult to manage the same resource

throughout the term.

According to Daily Guide issue on the 18" July 2009, states that there has been food
shortages in School Campuses which compelled Heads of Institutions to push
forward their vacation dates to 22™July, 2009 and 28" July, 2009 instead of the first

week in August.

Some students who were interviewed at the Labone Senior High School expressed
their displeasure at the meals served during that term admitting they never enjoyed a
balanced diet throughout the term as compared with the previous terms were they
were served sumptuous meals. They again complained that they were to vacate in the
first week in August only to be told a few days ago that they are going home on July

28.

The headmaster of Presbyterian Boys School (PRESEC) admitted that the school fell
short food items but its suppliers gave them the items on credit while payments were
made later on. This has sustained the school up till now but by the daily costing

estimaies the school speat-Gh¢- 1.40 per day on each student which is far above the

government’s quota.




At the Bolgatanga Girls School, first year students were made to go home two weeks

before the actual date. This brought serious consequences on student as well as their

parents.

The head mistress of Aburi Girls Senior High School was of the view that students
could no longer feed on the meagre 80Gp because prices of food prices keep

escalating. Her hopes were that Government finds a lasting solution to the problem.

During the meeting between CHASS and GES, CHASS demanded an increase of
GH¢1.20 per student but GES stood at GH¢1.00. Hence- to break this impasse, the
Ministry of Finance and Economic Planning (MFEP) approved an upward
adjustment of GH¢1.20 for all public Schools with effect from 2009-2010 academic

year.

Following this, the Ministry of Education approved another upward adjustment of
Gh¢1.40 effective at the start of the 2010-2011 academic years. Currently, in the
2011-2012 academic year, the Ghana Education Service (GES) has approved a new
feeding fee of GH¢1.80 per day for boarding students in schools, following a
request by the Conference of Heads of Assisted Secondary Schools (CHASS) for an

upward review of the old fee of GH¢1.40 per student per day.




1.2 PROBLEM STATEMENT

Over the years, authorities running boarding schools in Ghana including Tema
Senior High School claim that the feeding grant is not sufficient. Hence the study

investigates the feeding schedule in Tema Senior High School.

1.3 OBJECTIVES

The objectives of the study are:
i. model food item purchases as a knapsack problem.

ii. to optimize purchases using Knapsack algorithm.

1.4 METHODOLOGY

In this study, we shall use the bounded knapsack model which is made up of an
objective function taking into account the cost of items purchased and the number of
times that items is required in the menu. Data used in the study is secondary data.
The daily costing for a period of one month are obtained from the domestic bursar,
the procurement documents are obtained from the chief account officer. The solution

algorithm would be programmed using mat lab. Other sources of information are the

library and internet.

—
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1.5 JUSTIFICATION

The Senior High Boarding System improves the academic performance of students

in most senior high school and is of great benefit and to the Ministry of Education

and the Ghana Educational System.

However, there is the need to find a solution, which can help Heads of the various

institutions to manage the approved feeding grant by the government to cater for

inflation of food prices over the period.

However, without any adequate scientific method of selection the quantities of food
items to be bought, the maximum benefit, which could have been derived from the
same budget, would not have been achieved. The problem of selecting food items to
be bought can be modelled by a bounded knapsack problem and an appropriate
program written based on the algorithm such that with just a click of a button, the

maximum benefit is achieved under the budget.

Economically, if the school decides to budget for the year, the results would be that,
food staffs are purchased during the harvest season and stored in a warehouse so that
during the drought season when prices of food is escalating the school would not be
affected. If this is done, demands for increases in feeding grant due to escalating

food prices would be a thing of the past.

Socially, the research ensures that students are feed regularly throughout the

academic year and this-etimimates deviant behaviours which is normally associated

with poor diet (research by University of South California 2008). The social problem

of school drop outs due to increases in fees would be reduced.




1.6 THESIS ORGANIZATION

In this thesis, we shall explore ways to solve the problem of food shortages in our
Senior High School campuses as well as thé influx of Government interventions in
the increasing feeding grant annually, which results in untold hardship to parents
who are the majority stakeholders.

The thesis is organized in five chapters. Chapter one deals with the background of
sturdy area, then an overview of the Catering department, which is the most essential
department in this research. Then how payment of food is done, and who are the
majority stakeholders. Followed by the procurement procedure in Tema Senior High
School, the problem at hand, the essence of the study, the method in which the
problem Cﬁl“l be solved and the justification of the thesis.

In Chapter two, we shall review pertinent literature on existing models, which will
be useful in the study, the areas are the Ghana school feeding program models,
boarding feeding systems in Ghana, and projects using knapsack model in inventory
and all other application of the knapsack problem.

In chapter three we shall put forward the methodology. Chapter four deals with data

collection and analysis, while Chapter five presents the conclusions and

recommendations of the study.




CHAPTER 2

LITERATURE REVIEW

2.0 INTRODUCTION
This chapter focuses on the review of important literature on the core aspects of the
topic under study. There has been some extensive research in the area of school
feeding programs and policy but I have found no study on optimization of boarding
feeding grant using knapsack model. Hence we shall review works on three areas;
i.  School Feeding Program models

ii. Knapsack models

iii. Knapsack inventory models
In this chapter we shall present a review of literature on feeding policies as well as

abstracts on the applications of knapsack models.

2.1 SCHOOL FEEDING PROGRAM MODELS

Dank et al. (2008) studied, the school feeding program in Ghana, they observed that,

the Ghana School Feeding Program (GSFP) has been in full operation for just over

one year. The GSFP has pursued an aggressive expansion policy with the aim of

immediately reaching as many hungry children as possible while simultaneously

building the market for small farmers by procuring locally produced foods. The
— ’/_,'.——-—'—"_"

initial success of the GSFP is evidenced by the fact that it now serves 975 Schools

—and approximately 400,000 children. Additionally, school enrolment and attendance

in GASP schools throughout Ghana is increasing. At the same time, as the program

= 13




grows it faces many challenges inherent to organizational expansion. The GSFP,
accordingly, continues to Refine and improve its strategies in an attempt to create a

sustainable and self-sufficient model that is necessary for long-term success.

Bundy et al. (2009) did a study on rethinking School feeding. This project was
financed jointly the World Food Programme (WFP) and the World Bank Group
(WBG), to develop a guidance on how to develop and implement an effective school
feeding program which would be both a productive safe net as well as a fiscally
sustainable investment in human capital which would be a part of a long term global
effort to achieve education for all and social protection for the poor. There have been
demands from low-income countries affected by social shocks from the current
global crises for ways to enhance the school ﬁ:eding program so as to provide a
social safety net for them. This analysis was initiated in response. There are
numerous benefits in implementing the school feeding program but the problem in
most countries is the sustainability of the program.

This review highlights three main findings. Firstly, school feeding programs in low-
income countries exhibit large variation in cost, with concomitant opportunities for
cost containment. Second, as countries get richer, school feeding costs become a
much smaller proportion of the investment in education. For example, in Zambia the
cost of school feeding is about 50 percent of annual per capita costs for primary
education: in Ireland it is only 10 percent. Thirdly, the main preconditions for the

transition to sustainahlg,ualhm&l programs are mainstreaming school feeding In

national policies and plans, especially education sector plans; identifying national

_.---"-——-—F_

sources of financing; and expanding national implementation capacity.
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However, the project concluded that the effectiveness of school feeding programs is
dependent upon several factors, including the selection of modality (in-school meals,
fortified biscuits, take-home rations, or some combination of these); the effectiveness
of targeting; and the associated costs. The overall conclusion is that the global food,
fuel, and financial crises and the refocusing of government efforts on school feeding
that has followed, provide an important new op.ﬁortunity to help children today and
to revisit national policies and planning for long-term sustainability tomorrow.
Taking full advantage of this opportunity will require a more systematic and policy-

driven approach to school feeding by both governments and development partners.

Mohammed (2009) focused on the impact and challenges associated with the
introduction of FCUBE with emphasis on the Capitation grant and the school feeding
programmes in the Ashiedu Keteke Sub-Mero of the Greater Accra Region of
Ghana. Data was collected from Six Basic Schools in the Sub- Metro under Circuits
12 and 13. His study reviled that even though the introduction of the policy has
improved enrolment, the quality of education is faced with a lot of obstacles and
challenges such as access to school, shortage of teachers, economic and social
cultural practices etc. It seems evident from the analysis in this study and
observations that despite the achievements of government, there still are a number of
children out of school in Ghana and being denied the right to education. He therefore
concluded that the goals of universal access to primary quality education cannot be

achievegihrough the m;nsion of existing public schools system alone. One

___—major limitation he faced was that the sample was quite small due to limited time

15
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and resources. The study contributes to the understanding of what the various

education policies say and what really happens on the ground.

Tineke (2007) did a study to determine the nutrients intake from school meals as
well as out of school meals in primary school children. He also determined the
impact on the demand for locally produced foods. This was his mode of data
collection; data was collected in four prima'ry schools in four different districts in
Central Region in Ghana in the period of February to April 2007. The study
population consisted of 129, class three children aged between (7 to 16 years). An
anthropometric measurement was taken to determine their nutritional status. Data
collection on nutrient intake from school meals was done using 1-day weighed

dietary records and weighing the portion sizes of the selected 3rd grade children.

After the sturdy the following was his findings and conclusions. The Ghana SFP
succeeded in increasing the dietary diversity of the diet of the school children in the
selected schools. This may reflect in the nutritional adequacy and nutritional status
of the primary school children, but no internatidnally agreed upon cut-off points are
available to use as a reference. The Ghana SFP meets its own recommendations for
energy intake and protein intake. Vitamin A intake is probably sufficient, but the
iron intake remains low, which raises concern. The impact of the Ghana SFP on the

local demand for staple foods at district level seems limited.

— /-'"——_'—

—TFarle (2001)analysed the interaction between water, food and trade in Botswana,

Namibia, South Africa and Zimbabwe. His hypothesis was that a country with well-
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developed social resources can overcome physical resource scarcity and continue
developing in a sustainable manner. In terms of the international grain trade this
means that countries with higher levels of social resources will be able to import
grain, which provides the bulk of the per capita calorie intake in the region. Each
tonne of grain imported represents over a tonne of water saved locally. This water,
used in the manufacture of grain, is called virtual water. The level of reliance of each
of the four countries on virtual water is assessed and compared to the state of food
security in the country. On an international level, the factors which have a large

effect on the viability of a virtual water import policy are the level of agricultural

e e —

assistance and trade barriers in developed countries. The possible implications of a
change in world terms of trade are investigated. He used the Heckscher-Ohlin model
and applied it to the sixty-three countries’ grain trade in relation to water resources.
He concluded that the model is found not to predict the reality well, yet the four
countries studied do show a positive c