A DYNAMIC MODEL FOR PREDICTION OF FOOD
INSECURITY
by
LUKYAMUZI ANDREW

Supervisors:
Dr. Ngubiri John
Uganda Technology and Management University (UTAMU)
Dr. Okori George Washington
Uganda Technology and Management University (UTAMU)

A PhD Proposal submitted in fulfillment of the requirements
for the award of Doctor of Philosophy in Computing
Mbarara University of Science and Technology

June, 2015
1

1

INTRODUCTION

1.1

Introduction

The world population experiencing food insecurity ranges from 0.76 to 1 billion people [7]
[27] [30] [77]. This is approximately a seventh of the world population. In the report released
by Food and Agricultural Organization (FAO) [30], 843 million people were categorized as
victims of chronic hunger. It was further established that approximately 805 million people
were undernourished. Food insecurity is therefore a formidable challenge affecting the world.
Several factors are said to exacerbate this challenge. According to FAO [26], expanding
populations and growth in biofuel practices are exerting high demands on the available food
systems. Soil exhaustion, climate changes and environment degradation are on the other
hand negatively affecting agricultural yields thus further fueling food insecurity challenge.
Poverty has also been cited as yet another catalysit for this challenge: low income populations
face financial constrains in acquiring sufficient food for dietary intake [60]. Factors such as
these are making it difficulty to realise the first Millennium Development Goal (MDG1) of
reducing the victims of hunger world wide [26].
The importance of predicting or monitoring food insecurity has been highlighted by
various studies [16] [54]. If this disaster is forecasted early, stakeholders can take necessary
steps to prevent it or control its impact. This has proved successful in some parts of the world.
For instance, according to the United States Department of Agriculture (USDA), reliable
monitoring of food insecurity contributes to the effective operation of Federal programs, food
assistance programs, and other government initiatives aimed at reducing food insecurity [71].
Machine Learning (ML) is gaining momentum in the arena of modeling food dynamics.
It is an emerging discipline in computational science whose application is also useful in other
areas such as disease detection/diagnosis, web search, spam detection, credit scoring, fraud
detection, stock trading and drug design [23] [67]. In relation to food security, machine
learning techniques are well suited for prediction of risks like famine since they can enhance
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classification accuracy [54].
The Role of Machine Learning in predicting food insecurity has been exemplified. Contributions to knowledge gaps in areas such as performance improvement, teasing predictions
using various data sets, fine tuning parameter selection and exploring the application of Machine Learning have been instrumental in fostering the science of predicting food insecurity.
These studies have however given little attention if any on re-usability of machine learning
models. In this study we aim at developing a Dynamic Model (DM) to predict food insecurity. The model will use other existing models as a technique to enhance prediction in an
environment of limited data sets.

1.2

Background to Study

It is a difficult endeavor to trace the origins of food insecurity. Human beings have lived with
this challenge for many generations. This is unappealing. Several sources of information can
testify early manifestations of this challenge in humanity. Oral traditional, scholarly work,
religious books and story books are examples of these sources. Research carried out by
[48] attempts to document incidences of food insecurity that occurred longtime ago. This
research reveals that about 43 million people in Europe perished in famines that took place in
the years between 1343 and 1345. This must have been a big population given the population
status of that period. It is further revealed that between 16 and 64 million people in China
perished for the same cause in the period from 1959 to 1961 [48].
The modern society has not completed conquered food insecurity, despite the technological advancements. It is among the seven world concerns in addition to insecurities linked
to economy, health, environment, personal life, community and politics UNDP(1994). It has
remained a challenge for the last 25 years [14] and unfortunately the signs of spear heading
it are still blunt. This is no suprise that researchers such as Rosegrand are speculating that
food insecurity will remain a challenge for the next 50 years [64]. The need for combined
efforts to circumvent this unfortunate trend is evident.
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Human rights community has re-labeled food insecurity as a human right concern [20].
This attracted a legal dimension on food security. More attention would accorded to it. The
food crisis of the mid-1970s consequently led to world leaders accepting for the first time the
common responsibility of the international community to abolish hunger and malnutrition
[20]. This move has nevertheless not been a final solution. According to Clover [20] the right
to food is one of those rights most frequently violated in recent times and hence targets set
by the World Food Summit in 1996 for the reduction of hunger have largely failed.
What is food insecurity? It is difficult to comprehend this term without seeking the
understanding of food security. While there are many definitions of food security, this study
adopts a definition proposed by the Food and Agricultural Organization [28] which states
that Food Security is a, ”situation that exists when all people, at all times, have physical,
social, and economic access to sufficient, safe, and nutritious food that meets their dietary
needs and food preferences for an active and healthy life”. The four dimensions of food
security are: availability, accessibility, utilization, and stability [14], [60]. Food access is the
ability to either grow or purchase or borrow enough food to maintain a healthy body weight
[14]. Availability of adequate food supplies refers to the capacity of an agro-ecological system
to meet overall demand for food (including animal products, livelihoods and how producers
respond to markets), while utilization of food refers to people’s ability to absorb nutrients
and is closely linked to health and nutrition factors [25]. According to ASEAN Member
States [5], stability means that a population, household or individual must have access to
adequate food at all times and they should not risk losing access to food as a consequence
of sudden shocks (e.g. an economic or climatic crisis) or cyclical events (e.g. seasonal food
insecurity). Now food insecurity is any phenomena that deviates from this ideal situation of
food security describe above.
The world populations experiencing food insecurity ranges from 0.76 to 1 billion people
[7] [27] [30] [78]. In the recent report released by Food and Agricultural Organization[30] ,
843 million people were categorized as victims of chronic hunger. It was established in the
same report that approximately 805 million people are undernourished. Of the 840 million
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people undernourished between 1998-2000, 11 million are in the industrialized countries,
30 million in countries in transition, and 799 million in the developing world [20]. This,
therefore, shows that developing countries are bearing the greatest food insecurity burden.
Overcoming this challenge as evidenced by these statistics will require special attention or
emphasis on the developing world. Intergovernmental Panel on Climate Change [37] has
noted Sub-Saharan Africa as likely to surpass Asia as the most food-insecure region and,
this is largely independent of climate change but a result of the projected socio-economic
developments for the different developing regions. Africa is tending to stand out boldly in
the developing world. There are other studies that support this observation. For instance,
it has been said that out of the 39 countries worldwide that faced food emergencies at the
beginning of 2003, 25 are found in Africa [20]. As the world struggle to spear head the
challenge of food insecurity, Africa needs special attention.
Climate changes, social-economic factors, bio-energy practices and rapid population growth
are playing a big role in exacerbating the challenge of food insecurity. According to Rosegrant
and Cline [64], the strongest impact of climate change on the economic output of agriculture
is expected for sub-Saharan Africa, which means that the poorest and already most foodinsecure region is also expected to suffer the largest contraction of agricultural incomes. The
share of agriculture on total GDP in many developing countries has rapidly declined over
the last decades and it is worth noting that in the high-income Organization for Economic
Cooperation and Development (OECD) countries today, the share of agriculture on GDP
is <2% [64]. However, it is unlikely that this trend is not negatively affecting the food
production in Africa.
In addition to socio-economic pressures considered within the IPCC SRES scenarios,
food production may increasingly compete with bio-energy in the coming decades; studies
addressing possible consequences for world food supply have only started to surface [65].
Food crops that are used for bio-energy production compete (for resources such as land,
labor, water and fertilizer) directly with food supplies [25].This researcher predicts that as
world commodity markets become more integrated, bio-energy production in one country
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will have important effects on food security in other countries as changes in food prices on
international markets affect domestic markets. He further speculates that artificial price
mechanisms may create short and medium term market distortions which may have an
upward effect on land and food prices, thereby fuelling concerns about future food supplies
as in the case of the 2007 ”tortilla war” in Mexico. The world’s growing population is
throwing more complexities to the challenge of food security. According to Poppy et al[60],
an expanding global population acts in concert to make global food security even more
complex and demanding. The world will need to increase food production by 70% in order
to catch up with population growth as we get close to year 2050. Food demand has always
been driven by population increase, income growth and changing diets [25]. According to
USAID [73] (cited in [14]), rapid population growth is one of the many factors that drive
food insecurity among households and individuals in the developing world.
1.2.1

Prediction of food insecurity

In an attempt to transmute this food challenge , research on prediction of food insecurity
can play a vital role. It is through continuous monitoring of famine indicators that allows
for an early preparedness, management procedures and recovery plans to be put in place to
avoid famine or manage it [54]. Similarly [16] emphasizes that determining the vulnerability
of a population to food insecurity is of interest not only to prevent suffering among the local
population due to food shortages, but also, through early intervention, to limit the expense
of ameliorating that shortfall. Food security in developing countries could be substantially
improved by increased investment and policy reforms [64]. Without reliable information
these policy reforms may fail to address pertinent issues. Research on food insecurity, is
an attempt to provide an input to these recommended policy reforms. On the other hand,
it has been noted that lately, crop yield has decreased in many areas because of declining
investments in research apart from infrastructure concerns [64].
Malthus an early scholar investigated the phenomenon of food insecurity. He was a
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church clergy, economist and a politician. He is known for the Malthusian catastrophe. He
predicted that population growth would exceed its capacity to produce adequate food and
this is termed as population growth outstripping the food supply [45]. This was based on
his assumption that population, when unchecked, increases in a geometrical ratio while on
the contrary, the means used to produce food increase in an arithmetical ratio [44]. This
incidence would result into rigorous outbreaks of famine and deficiency of other basic needs.
It is this anarchy that is termed as Malthusian catastrophe. His model was based on the
assumption that technology grew linearly and population increased exponentially. Empirical
evidence has proved that technology growth did not remain growing linearly; it shifted for
the better. As a result for more than two hundred years the world has been able to survive
the Malthusian catastrophe.
Currently Machine Learning (ML) is one of the Computational approaches used in modeling food dynamics. It is an emerging discipline from computational science whose application is not only limited to food modeling but also to other applications such as disease
detection/diagnosis, Web search, and spam detection [23]. In relation to food security, ML
techniques are well suited for prediction of risks like famine since they can enhance classification accuracy[54].
There are other methods for prediction of food security that exist. For example, to
extend short range famine forecasts with those that go out several months, Famine Early
Warning System Network (FEWS NET) partners have developed models that use canonical
correlation analysis to relate variations in sea surface temperature with rainfall in Africa
[14]. Global forecasts from the International Research Institute (IRI) at Columbia University also routinely keep trying to understand future variations in climate through Forecast
Interpretation Tool (FIT) that translates forecasts expressed in probabilities into the actual
rainfall amounts they represent [14]. Examining and monitoring rainfall can give insights
into expected yield outcomes. Other approaches are based on statistical methods (such as
linear regression, nonlinear regression, and moving averages) that analyze yield time series
[43]. Makowski and Michel emphasize that statistical analysis play a key role in current re7

search studies on food security where yield time series analysis is used to estimate past yield
trends and to predict future yield trends. Poor yields forecasted can be a sign of pending
food insecurity. Linear regression techniques offer simple methods to estimate yields and
it is best for yields that grow at a fairly constant rate. For yields which vary nonlinearly,
quadratic and exponential growth methods can provide better approximations [43]. For more
complex yield patterns, higher order linear methods are employed. In some cases additional
techniques can be integrated in these models to address the complexity of yield patterns.
ML is not entirely a new field; it borrows a number of concepts from some methods
described above especially Mathematics and Statistics. It offers a unique approach compared
to traditional programming techniques where a computer scientist needs to understand the
underlying pattern between variables/datasets. Then the algorithm is built based on the
preconceived relationship. With machine learning, focus is on developing algorithms capable
of learning and/or adapting their structure such parameters based on a set of observed data;
with adaptation done by optimizing over an objective or cost function [67]. ML provides
techniques capable of extracting information automatically by computational and statistical
methods [54]. It is instrumental in development of sophisticated, automatic, and objective
algorithms for analyzing high-dimensional data [67]. Consequently with ML, the developed
algorithm can offer better prediction (also called generalization) as it relies heavily on dataset
drawn from the problem situation. This study attempts to develop a Dynamic Machine
Learning Model (DM) as a means of embracing re-usability.
1.2.2

Challenges/Gaps identified

In the process of reviewing literature, it has been observed that food security prediction
is a challenging endeavor. Despite the fact that ML seems to provide a more promising
approach to food prediction, still there are some challenges that seek out contribution from
the research community. The following challenges/gaps were identified:

1. Monitoring the diversity of agricultural systems can be difficult, as field sizes and
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the confounding aspects of native vegetation are a continuing problem [14]. In same
research two key proposed elements of a successful early warning system are that the
forecasts of the human consequences of an event are accurate in predicting its location,
time and severity, and that these warnings are disseminated in time for populations at
risk to do something about it.
2. Parameter determination for modeling. This comes with two challenges; (1) Conversion
of non-numerical variables like politics into their equivalent numerical data. (2) There
is need to reduce famine parameters and this can minimize the undesired complexity in
developing the model. According to Chung et al. 450 are listed as potential variables
for prediction of food security. A key issue in many applications is to determine which
of the available input features should be used in modeling via feature selection and
because this it could improve the classification accuracy and scale down the required
classification time [80] ( cited in [39]) . According to Kotsiantis [39], presence of
irrelevant features can make neural network training very inefficient, even impractical.
3. The research has shown the increased need for improved Machine Learning approaches.
Decision trees, neural networks and Support Vector Machines (SVMs) face high-variance
challenge resulting into over fitting, a source of poor generalization. As such [81] recommended blending various approaches of MLs in response to this need (cited in [66]).
While many methods of ensemble (also called blending options) have been proposed,
there is no clear picture of which method is best [75] (cited in [39]). In relation to this
need some studies are taking the direction of extending the existingindividual Machine
Learning Algorithms (MLAs). Attempts towards this direction are not always successful moreover no single learning algorithm can uniformly outperform other algorithms
over all datasets [39].
4. The researcher observed that the unreliability of data sets is also a challenge. In
modeling real life situation, data used in training machine learning approach is susceptible to errors. Sometimes the datasets are incomplete. In ML and in other modeling
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disciplines, therefore, it is challenging to develop reliable a model with this kind of
datasets.

1.3

Problem Statement

Predicting food insecurity is instrumental in guiding stakeholders where to direct early intervention reliefs. In the process, the impact of food insecurity can consequently be controlled
or eliminated [54]. In addition, this controls the expense associated in the amelioration [16].
The science of predicting food insecurity has yielded positive results in some parts of the
world. For instance, reliable monitoring of food insecurity contributes to the effective operation of Federal programs, food assistance programs, and other government initiatives aimed
at reducing food insecurity [71].
Unfortunately, prediction models face challenges such as high time complexity, poor
accuracy and limited re-usability. The birth of Machine Learning (ML) was a big leap in
addressing these challenges. It offers benefits of high level adaptability as the developed
models are capable of learning directly from the data sets. Investigations such as [54] have
demonstrated positive results with prediction of food insecurity using Machine Learning. The
existing challenges have not been completely addressed, the room for improvement is still
open. The concept of blending two or more models as advocated by researchers such as Zadeh
[81] ( cited by Rudas and Fodor [66]) has been brought forth as a reinforcement. Researchers
(such as Okori and Obua [56]; Pai and Lin [57]; Wang and Meng [76]) have demonstrated
success with this paradigm. In this study, blending is further promoted but inclined towards
developing a dynamic model to re-use existing models as an enhancement strategy. Multitask learning relates closely to this study. In multi-task learning, the developed model
gains from the learning experience of other related models [82] but in a static manner.
In this study, dynamism is explored. The notion of a dynamic solution is not new. It is
manifested in computing paradigms such as dynamic programming, evolutionary computing,
and genetic programming. Dynamic solutions exhibit attributes of high adaptability and
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improved optimization of resource utilization. This study will explore how these dynamic
concepts can be cleverly and dynamically used to foster improved models for predicting food
insecurity.

1.4

General objective

To design a dynamic model that integrates existing models for improved prediction of food
insecurity.

1.5

Specific Objectives

The specific objectives include:
1. To investigate techniques that will be used in the model selection and integration of
existing models in relation to prediction of food insecurity.
2. To design a Dynamic Model that is capable of intelligently selecting suitable models
to be used in prediction of food insecurity.
3. To test and validate the proposed model as means of demonstrating the mechanism
and viability of this model.

1.6

Research Questions

1. What are the requirements relevant in developing a dynamic model that integrates
existing models?
2. How can a dynamic model based on existing models be designed for improved prediction
of food insecurity?
3. How can a dynamic model be tested and validated inorder demonstrate its mechanism
and viability?
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1.7

Conceptual Framework

The goal of this study is to design a dynamic model for prediction of food insecurity with
attributes of improved performance and re-usability. The study is envisaged as a four stage
process (conceptualization, designing, implementation and validation). Each stage (shown
in rectangles) is linked to the specific objectives. Circles represent concepts or theories that
will be used to achieve various objectives. Arrows drawn from circles to rectangles signifies the concepts or theories that contribute to the achievement of that target stage. At
conceptualization stage, relevant theories and literature will consulted to provide detailed
understanding the best option to reach the design stage. Literature on food dynamics, concepts on machine learning, and state of practice will cultivate ground for conceptualization.
The design stage is the core of the study. This stage seeks to design a dynamic model that
integrates are other models as a technique to enhance prediction food insecurity. Theories
and literature such as dynamic programming, optimization techniques and state of practice
in this area will provide insights to aid in developing the desired dynamic model. At implementation, using appropriate tools the dynamic model will be deployed in a laboratory
test environment. At evaluation, we shall measure the model performance to establish its
viability. If the model performance is unsatisfactory, previous stages will be re-examination
(as indicated by the double arrow) for improved re-adjustment.
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Figure 1: Proposed conceptual framework for the study

1.8

Significance of study

The significance envisaged in this study is as follows:
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1. The existing methods for predicting food insecurity face limitations such as low accuracy of prediction model, demand high computation resources, and require high costs
to collect prediction records (such household information). Therefore need to address
these knowledge gaps is evident. This study aims at designing a noble model to address
limitations such as these. The model will integrate existing models with attributes of
re-usability and improved performance.
2. The proposed model will be grounded on existing theories/concepts/practices. This
will call for extension/modification of these theories/concepts. A new or modified
thought line is expected as result and this will potentially impact the direction of
future related work.
3. The findings of the study are expected to reveal new insights concerning the relationship
between the different variables that cause food insecurity and this can be used by policy
makers improve the process of mitigating food insecurity.

1.9

Justification

Food insecurity is a global challenge affecting millions of people especially those from least
developed regions such as sub-Saharan African countries who suffer conditions of extreme
poverty. Humanity has experienced loss of lives both in past and in recent years due to
extreme conditions of food insecurity such as famine and starvation. Food insecurity is
responsible for malnourishment in children. This leads has led to distorted growth in infants
both mentally and physically. Malnutrition also compromises the body’s defense system
leading to high prevalence of diseases. Food insecurity is known to cause social disruptions.
Therefore big picture of all these side effects of food insecurity is the retarded of societal
development. This is intolerable if we are to maintain the objective of promoting of human
welfare.
The 1st MDG goal seeks to address the challenge of food insecurity. It aims of reducing
number of people suffering from both hunger and extreme poverty. Unfortunately challenge
14

of food insecurity is still persistent. For the last twenty five years, it has remained a big
challenge to both local and international governments [14]. The future is not completely free
from it. According to Rosegrant et al [65] food insecurity is expected to span to the next
50 years. Therefore any innovation that could help to mitigate this challenge is important.
This research seeks to contribute to this gap by developing a Dynamic Model to enhance
performance and re-usability in the prediction of food insecurity.

1.10

Scope of the study

Food insecurity can manifest at a household level, a village level, a district level, a province
level, a state level and many other levels. This study aims at investigating food insecurity
at national level. The focus is on pattern extraction of food insecurity in various regions
of state. In the context of this study, we are using Uganda as an example of a Nation at
in the developing world. The target regions include; northern, north East, central, western
and southern regions. To achieve the main objective of proposing DM for prediction of food
security, other areas of focus have been identified: (1) Exploring both relevant theories and
practices of Machine Learning in relation to prediction of food insecurity; (2) requirement
enlisting; (3) Designing DM for food insecurity prediction; (5) laboratory testing of DM; and
(4) evaluation of DM. Data will be obtained from databanks as opposed to using questionnaires and interviews. Possible sources include FEWS linked satellite data, National Bureau
of Statistics and FEWSNET. Data from these sources include; remote sensed data, house
hold information, price trends, audio data and price trends.

1.11

Anticipated contribution

Developing a DM for improved prediction food insecurity based on existing theoretical and
empirical frameworks will require a systematic and creative endeavor. Consequently the
following contributions are anticipated:
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1. Food security dynamics: This study requires establishment of key players in relationship to food security. This involves studying concepts/theories governing food security
dynamics. Key players can vary from study to study as food dynamics are not always
the same. In some cases the players may remain the same but the inter-linkages may
vary. Food security framework for the study will formed as the preliminary stages.
This is a one of the study contribution. The developed framework will generate interesting insights for better understanding of both food insecurity and food security
dynamics.
2. Parameter selection: It has been argued that parameter selections should be done with
great care. Poor choice of parameter can influence the quality of the model. Some studies suggest a change of parameters as an attempt to improve model performance. The
study is anticipated to make contribution in highlighting possible prediction parameters which work or don’t work and why.
3. -Developing DM: Previous related studies have given little attention on re-usability of
existing Models in relation to prediction of food insecurity. This study will contribute
to this gap by designing a dynamic model to integrate existing models. This is useful
where there is limited dataset for the areas under study. This also promotes software engineering principles which advocate for scalability and re-usability of software
solutions as this method builds on existing models.
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2

LITERATURE REVIEW

2.1

Theoretical Framework

There is an increasing demand for improved methods to predict future trends. For trends,
such market and demographic changes can promote prosperity and provide competitive advantages. Leaders, managers and business people that have accurate forecasts of such trends
hold competitive advantage for individual or organization Success. Other category of trends
can be life threatening like drought, floods and disease outbreaks. If these disasters are predicted effectively, stakeholders can transmute their negative effects partially or completely.
Prediction of food insecurity can help to avoid disasters like famine and at the same time
it can provide a competitive advantage to farmers and dealers in crop products to explore
ways of maximize resulting profits. Effective prediction of food insecurity requires conceptualization of theories and literature on food security dynamics. This can be gained from
studies carried by researchers such as: [14] [16] [48] [55]. Studies such as these will provide
basic concepts on food dynamics, the players/determinants of food security. Situations that
dictate and demonstrate how food security manifests in relations to variables are contrasted
in these studies. The investigations also demonstrate how these situations could be used to
predict food security. All this literature and other related investigations will play a vital role
in the contextualizing the case study and also guide in the selection of prediction parameters
this study.
Several approaches have been proposed for modelling of food security. Research attempts
to develop a Model for prediction of food insecurity. Other methods that have been proposed for similar purpose are in fields such statistics, artificial intelligence, data mining and
computing. Most of them employ mathematical concepts. According to Mitchell [49], Machine learning draws on concepts from many fields, including statistics, artificial intelligence,
philosophy, information theory, biology, cognitive science, computational complexity, and
control theory. In the last decade the use of machine learning has spread rapidly throughout
computer science and beyond [23]. Established Machine Learning concepts include but not
17

limited to: supervised verses unsupervised, parametric verses non parametric techniques,
linear verses nonlinear algorithms. Existing theoretical and practical are demonstrated by
various researchers (such as [17] [23] [39] [49] [54]). This will offer foundation concepts in
Machine Learning and will also generate useful concepts relevant in development of Dynamic
Model as stipulated.
Any study aimed at predicting food security using Machine Learning requires some narrowing. This is ensures that the study is accomplished within the constrained time frame.
Even if abundant time was available, scoping is an avoidable. For example Machine learning models appropriate for some phenomenon is not necessarily applicable to some other
situation. The need for a narrowed study is evident. The processing of identifying the best
Machine Learning approach is envisaged as hypothesis research. According to Mitchell [49],
the learner’s task is thus to search through this vast space to locate the hypothesis that
is most consistent with the available training examples. This is done in the presence of a
training data set. During the process searching there is a state for fitting weights by iteratively tuning the weights, adding a correction to each weight [49]. Literature to guide on
the available practices for fitting weights is available and will also be used.
ML is a multistage approach and for various authors these stages may vary slights and
therefore it is important that phases in this study are identified. Through reviewing literature
and more especially the current practice and state of art, gaps can be identified. This study
cannot focus on all the gaps identified. There is need to set boundaries on which gaps the
study will address in the process of proposing an enhanced approach for food insecurity
prediction. Significant contributions are expected along this line.
Developing a Dynamic Model for prediction of food insecurity is main object of this
study. Methodological approaches on designing dynamic algorithms have proposed by previous studies on re-usability of models. Some approaches advocate for blending as possible
alternative. Others have concentrated on extending some of the existing generic approaches.
Existing previous literature such will provide guidance in relation to this main objective.
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Evaluation performance will be the final stage in this study. The developed Dynamic
Machine Learning Model (DM) will be subjected to critical evaluation. Depending upon its
performance its viability will be determined. If performance is unsatisfactory investigations
on tuning it will follow after. Literature (for example [33] [39]) on performance evaluation
will consulted to guide this phase.

2.2

Classification of famine prediction parameters

Investigations have played a key role in identifying necessary players in an attempt to predict food insecurity with some certainty. There is a strong similarity on these players as
suggested by various researchers. In investigations by [16] three key players are identified.
These researchers maintains that through monitoring biophysical, economic and political, it
is possible predict famine. For [12], famine is the outcome of an interaction between environmental and socioeconomic factors, both in the short and the long terms, and a failure of
policy to deal with them. Failure policy in this context is connected to politics. According
Bailey [6], the roots of famines lie in complex underlying social, political, economic and environmental factors, but drought usually provides the final push that tips populations over
the edge. These payers/factors so far highlighted are too broad to be used for prediction of
food security. In the following paragraphs, variables linked to these factors which are more
appropriate for model development are examined.
The Biophysical factors focus on the environmental influences on food security and this
provides a relevant metric during growing season that can provide insight into prediction
of future food supply in the next harvest [16]. Examples of variables linked to biophysical factors include; Normalized Difference Vegetation Index (NDVI), Rain Fall Estimate
(RFE) and Water Requirement Satisfaction Index (WRSI). In [14] the biophysical data also
called current climatic situation has bigger data list and this includes; precipitation gauges
and gridded data from merged satellite models, vegetation data from a variety of sensors,
gridded cloudiness products, global climate indicators, precipitation forecasts, modeled soil
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moisture, gridded fire products, snow extent products, hydrological, models for flood forecasting, and seasonal forecasts. According to this study, these data products were either
developed directly by FEWS NET partners for FEWS NET or were adapted to their needs.
According to Okori and Obua [55], social-economic factors are inclined towards supply
and demand as seen in many economic goods. In [14] a list of variables for socioeconomic
factors is given which include; Agricultural production, Market Prices, Food economy zones,
Employment, population, School Attendance, Infrastructure Maps. With socioeconomic
data according to Mellor [47], Famine is predicted by successive years of poor crops, a rapid
rise in food prices, a decline in the prices of goods that the poor sell (particularly including
the livestock of pastoralists), and a decline in employment. By analyzing people’s access to
food and income as well as their options for coping with adverse events and processes, the
livelihoods approach enables FEWS NET to make informed judgments about the resulting
likely type and magnitude of the effect on food security of these hazards [11], [46] ( cited in
[14]). In the small, isolated, and informal markets that are typical of the region, food prices
are intimately linked with local food production [16]. Hazard monitoring uses this baseline
profile to determine the normal situation from which the impact of both socio-economic and
biophysical anomalies can be measured.
Food security dependencies linked or resulting from politics have been also explored by
studies. According to United Nations Development Programme (UNDP), technical and political failures such as lack of information to guide farmers in planning their agricultural
activities and misguided policies also contribute to famine as cited by [55]. With effective
institutions and adequate physical supplies, the occurrence of famine increasingly signals
not the lack of food or capacity, but some fundamental political or governance failure [70].
According to Mellor [47], a democratic form of government plays a key role in famine prevention.
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2.3

Food Security Frameworks

Food security frameworks provide ways of estimating the amount of food available in a region
and the degree of access the population has to that food [14]. In the same study it has been
noted that early warning organizations use a particular set of conceptual frameworks to
transform all kinds of information, from biophysical information derived from remote sensing
to market prices, into actionable food security policy recommendations. The cereal balance
approach food security framework by [14] is summarized here. It involves calculating the
gross amount of food available in a country through a per capita calculation. National food
deficits are considered as food aid needs of the region. Remote sensing of environmental
conditions is at the center of this analysis, enabling continental-scale monitoring, where
images of vegetation anomalies are transformed into crude percent cereal production deficit
across vast areas of a continent. The challenge is that this does not address the differential
ability of households to acquire food through the market, or the complexity of stores, stocks
and flows of food from one region to another. Secondly, not only excess food aid delivered,
but the people who need the aid can fail to receive it because the tools needed to identify
and target the neediest were lacking.
A more sophisticated framework than this has been proposed. It incorporates both
food access and food availability features and it has been in used by FEWS NET for a
period of ten years [14]. As describe by the same study, this frameworks is characterized
by vulnerability analysis which allows identification of populations who are likely to face
disruptions in their ability to produce or acquire food and who are likely to lack the resources
to absorb such shocks. Below is the diagrammatic representation of this framework. There
are four dimensions of food security but this study ignores the remaining two dimensions
which are stability and utilization.
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Figure 2: Conceptual diagram showing aspects of food security and monitoring; derived from [73]
(cited in [14])

2.4

Machine Learning Process

Process of applying supervised learning ML involves several steps as proposed by [39]
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Figure 3: Machine Learning steps as illustrated by [39]
The diagram above illustrates a step by step process for Machine Learning approach.
The problem is identified first like need to forecast drought using historical data. Identifying
features is the next step. A lot of care is needed at this stage. Poor selection of features
leads to poor prediction performance. Kotsiantis [39] also proposes the possibility of using
expert guidance in determining the features as an alternative. In the study carried by [52]
to identify features, he used his personal experience and literature review to guide his study.
The same technique can be applied in other studies.
Pre-processing stage: In the previous stage all possible features where identified. Not
all the identified features will automatically be used in the study. Some features could have
significant relevance while others could be erroneous and this can impact negative on the
performance. At this stage selecting the most appropriate features may be needed. This
helps in removal of unnecessary features which would negatively affect the accuracy and
performance of the prediction model. On the other hand if there are too few features,
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performance will be negatively impacted. According to Kotsiantis [39], after using brute
force to determine all the possible features, removal inappropriate features can be applied.
Selection of the algorithm: This is a challenging stage. First several classifiers have been
proposed and for this stage there need to determine which algorithm (s) will trained with
selected data sets. Conditions dictate the choice of algorithms to be applied. If several
algorithms are trained on the same dataset, a criterion for determining the best algorithm
needs to be established. The commonest approach is to select an algorithm with the lowest
training error. Normally 2/3 thirds are used for training the algorithm and the other 1/3 is
for estimating the performance of the error of the training algorithm [39]. Cross validation is
another technique normally used. The data set is divided into several mutually independent
subsets. The classier is the trained on the union of these sets. Performance is the average
error on the union of these sub dataset. Some literatures advocate a technique known as
leave-one-out which is a special case of cross-validation. In this method the dataset is likewise
divided into several mutually exclusive dataset. The classifier is trai ned on n-1 subsets but
each time one is retained for estimating the performance. This is repeated with all the
possible permutations. Now the training error becomes the average error computed on these
permutations.
A situation may arise when error rate evaluation is unsatisfactory. As a result the performance of the classifier is not reliable with its predictions. Fixing this will require revisiting
previous stages as shown in the diagram. On the stage of identification of data, inappropriate features could have been used and revision on selection needs to be done. An option of
collecting more data set is worthy trying. Too few datasets rarely result into good classifier.
It has been found that prediction error decreases with increasing size of dataset. This continues until the error becomes almost constant as shown in the diagram below. After this
limit more data would not help to improve the performance of the classifier. This is criteria
to guide if more data would improve classifier performanceG
Another important issue to focus on is the dimensionality which can have a big effect
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Figure 4: A graph showing how error size should vary with increasig [39]
on performance. More features demand more computational resources. Secondly, if some
of these features are irrelevant and others have a lot of noise, both the accuracy and the
performance of the outcome will be compromised. On the other hand if features are too few
features, this can equally have side effect and the final algorithm will poorly generalize. [39]
provides a technique for comparing the performance of two classifiers. The training data is
split into N subsets. Each algorithm/classifier is trained separately on these data sets. The
average mean of differences in error is measure of the expected difference in the error and
their variance is the average of their difference of variance of the data set. This technique is
suitable if there suitable large data sets. There is a need to check if the mean difference is
zero between these two algorithms. Errors abounds can be Type I or type II. Type I is when
the test rejects the null hypothesis incorrectly and Type II error is the probability that the
null hypothesis is not rejected, when there actually is a difference [39].

2.5

Supervised versus Unsupervised Learning

Supervised deals with datasets that have both the input features and the output labels.
According to Kotsiantis [39], supervised machine learning is the search for algorithms that
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reason from externally supplied instances to produce general hypotheses, which then make
predictions about future instances. Consider a problem of predicting the cost of a plot
of land. Sample data of the previous statistics for the purchase of plots can be obtained.
The cost y of any plot of land could depend on area x1 of the plot and its distance x2
from the main road. Variables x1 and x2 are features and y is referred to as label. In
many real life situations, features could go high in number like hundreds or even higher.
For example as cited by [14] in prediction of famine, process indicators can be extremely
complex and involves 450 determinants according Chung et al.[19]. In supervised learning,
data set is feed into an algorithm to establish the relationship between features ( x1 and
x2 ) and the label y. The resulting algorithm is able to manipulate features (xs) in order to
estimate/predict y label. The estimated function relating features (x’s) and the labels (y’s)
is known as hypothesis h(x). Supervised learning is applied to number of scenarios and these
include weather prediction, diagnosis and classification of diseases, model the growth and
yield of Eucalyptus, famine prediction, drought prediction, mapping distribution of diseases
like malaria ( [17] [41] [43] [68]).
On contrast unsupervised learning offers a fairly unique approach. As the societies advance technologically, more data is increasingly being collected and such data is about records
such sales, infection outbreaks, human migration patterns, criminology, and domestic bills.
This kind of data can be unlabeled however this does not necessarily mean that nothing can
be learnt from it. Interesting patterns can be deduced from such data. From online sales,
purchase patterns can reveal a decreasing number of customers buying certain commodity or
services. This observation can influence service providers to introduce changes to rectify this.
It is the work of unsupervised learning algorithms to extract patterns from such data. These
algorithms reveal interesting patterns without necessarily associating with an overall label
type. Coming to food security; yields for various parts of a region can be available. From
this data clusters of food security for given parts can be established. These kind algorithms
offer a number of benefits. Their models are less susceptible to over fitting than purely
discriminative ones. They behave like large multi-task learning problem in which the model
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simultaneously predicts many variables (as many as there are inputs), while discriminative
learning involves predicting just one [53]. Nair [53] further observes that unsupervised learning puts more constraints on the model parameters, and support more parameters and richer
representations without over fitting and this can provide extra training for discriminative
models.

2.6

Linear versus Nonlinear regression algorithms

A linear regression algorithm is noncomplex and it establishes relationship between features
( say x1, x2, x3 , xn ) and the associated label y. This takes form of y=θ0 + θ1 x1 + θ2 x2
+ θ3 x3+ ... +θn xn . It is called a linear regression meaning real valued. θs stand for the
parameters or coefficients to be learned by the algorithm. This means the solution is expected
to result into continuous range of values ie y ∈ of R. For some algorithms, the output can
be discrete values. If the label y depends on a single feature ie y=θ0 + θ1 x1, we say the
hypothesis h(x) is in two dimensions and it can be represented linearly in two dimensions by
Cartesian graph. The hypothesis y=θ0 + θ1 x1 + θ2 x2 is three dimension and graphically can
be plotted into a three dimensional Cartesian graph. It is the job of the learning algorithm to
determine/establish coefficients θ0 ,θ1 ,... θn . There are tendencies to believe that higher order
algorithms (nonlinear) other than linear algorithm are better. A key question is whether
proposed algorithm approximately well with data set and can generalize well beyond the
training dataset. On contrary, problems that exhibit linear behavior are handy and more
appealing. They are easy to understand and normally are less demanding in computation
resources like memory and computation power. Because of this, low order algorithms a
preferred. Unfortunately most problems in real life do not exhibit linear behavior. The few
which manage to do so, it is normally through approximation. This means an approximate
linear fit is established.
Nonlinear algorithms exhibit higher order behavior. Here the labels y relate with features
x(s) when raised to n where n¿1. Some terms in the nonlinear algorithm can be product
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of features for example x1x2 , x2x3 . Actually there are number of possibilities which can
add more complexities. Representing data set exhibiting nonlinear behavior results into
or approximates to curve. It is the job of the learning algorithm to estimate/establish
the best curve that describes the relationship between labels y and the features x and the
corresponding coefficients θs. As noted in above section, most problems in nature exhibit
nonlinear behavior. Unfortunately nonlinear algorithms are unfriendly as they are complex
to comprehend and highly resource hungry. Techniques have been devised to deal with
these complexities. One of the techniques is to approximate to the lower order algorithms
which are capable of performing fairly well. Secondly is to make transformations on the data
sets into another dimensional which could approximate the algorithm into linear mapping
between the transformed data set and the labels. Attempts have been made to determine
which transformation functions can aid in this kind of transformation and unfortunately this
process is to try and error.

2.7

Booting Machine learning algorithm (Meta learning techniques)

It is sometimes necessary to improve performance of a machine learning algorithm. This
is especially important if the obtained algorithm is performing poorly. [42] proposes two
reasons for this poor performance: (1) the sample (training data) available for algorithmic
training is very small; and (2) better results require excessive running times. A small size of
data set does not give an algorithm adequate data set for an algorithm to extract meaningful
patterns. If there are limited resources, the learning algorithm will fail to perform to the
desired level required for meaningful pattern extraction. Two techniques that can help to
improve the performance of an algorithm are described.
Bagging: Bagging is an ensemble technique used in breeding high performing machine
learning algorithms. Ensemble allows aggregating more than one algorithm into one which
is better than either of the constituent algorithms. Bagging is an acronym for bootstrap
aggregating [13]. In bagging, several algorithms are created from the subset of the original
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dataset. The subsets are uniformly distributed and randomly selected. For some cases replicate subset can re-occur and this is allowed. The obtained hypotheses are now aggregated
by either averaging for regression problem or voted for logistic problem. This procedure as
describe by [42] is summarized below:
1. For s = 1, . . . ,b do:
2. construct a bootstrap sample Xs
3. train the base learner on the sample space Xs
4. Let the resulting hypothesis (concept) be hs(x): X !{-1,+1}.
5. Output as ’aggregated’ classifier:
6. hA(x) = the majority vote of the hs(x) for s = 1. . .b.
Boosting Weak PAC Learners: This technique assumes that a weak algorithm obtained on
the initial training on the data set is better than random guesses. With boosting, the same
data is used to retrain more weak algorithms. For each re-train, a sub set of the training
data set is used. Each subset, bigger weights are assigned to dataset on which the algorithm
performed poorly. This means in the subsequent retrain, the algorithm focuses more on
the dataset on which the previous algorithm performed poorly. This process continues until
many weak algorithms are progressively obtained. Now these algorithms are submerged into
one algorithm which is believed better than each of the weak algorithm

2.8

Concept of blending

No single learning algorithm can uniformly outperform other algorithms over all datasets
[39]. This observation is independent how best an algorithm has been improved to address its
limitations. With [39] Blending is now seen as a technique to achieve performance improved
by integrating more than one algorithm. The objective is to utilize the strengths of one
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method to complement the weaknesses of another. According to Kotsiantis [39], Mechanisms
that are used to build ensemble of classifiers include: i) using different subsets of training data
with a single learning method, ii) using different training parameters with a single training
method (e.g., using different initial weights for each neural network in an ensemble) and iii)
using different learning methods. Increased storage required to accommodate the combined
method is one of the challenges of combining more than learning methods. Secondly, there is
an increased demand on computation resources because in order to classify an input query,
all component classifiers (instead of a single classifier) must be processed and lastly decrease
comprehensibility.

2.9

Machine Learning Algorithms

2.9.1

Neural Networks

Neural Networks provide a unique method to train Machine Learning. They mimic how
a human brain operates. Through ages there has been considerable efforts to understand
how the brain/nervous functions. Brain and the nervous system as a whole, is said to be
a complex network of interconnected neurons. The human brain is estimated to contain a
densely interconnected network of approximately 1011 neurons, each connected, on average,
to l04 others [49]. Electrical signals trigger a section of interconnected neurons. The resulting
response is forwarded to the brain for interpretation so that an appropriate action is taken.
Through this process, the brain and the nervous system as a whole is capable of accomplishing
very many tasks. Amazingly some tasks which look simple to humans like face recognition are
complex for automation in Computers. Emulating the functioning the nervous, is an attempt
automate task such as these that are difficult to program using traditional programming
techniques.
In 1980 neural networks have gained prominence in the research community. Unfortunately in late 1990’s the research community seem to have lost interest in neural networks.
The major reason to explain this setback was due to high demand for computational resources
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by neural networks. Currently due to technological advancement, scarcity of computational
resources is not a big problem. As a result neural networks are regaining prominence in the
research community again. According to Khan et al.[38] Artificial Neural Networks certainly
have the potential to distinguish unknown and hidden patterns in data. Neural networks are
better suited for achieving human-like performance in the fields such as speech processing,
image recognition, machine vision, robotic control [41]. Their use in investigations related
to food security has been common. For example Okori and Obua [54] experimented on the
use neural network to predict famine used household information as features.
Back-propagation is one of the techniques used in training artificial neural networks.
According to Lee et al [41], back-propagation is necessary because the hidden units have no
target values which can be used, so these units must be trained based on errors from the
previous layers and as the errors are back-propagated through the nodes, the connection
weights are continuously updated until the errors in the weights are adequately small to be
accepted. Back-propagation is as follows [41].
1. Step 1: Feed the normalized input data sample, compute the corresponding output;
2. Step 2: Compute the error between the output(s) and the actual target(s);
3. Step 3: The connection weights and membership functions are adjusted;
4. Step 4: IF Error ¿ Tolerance THEN go to Step 1 ELSE
5. Step 5: Stop.
The architecture of an artificial neural network refers to how neurons are organized and they
comprise three layers: an input layer where variables are introduced to the network, a hidden
or intermediate layer where most of the signal processing occurs, and an output layer where
the end result is completed and presented [17].Neural networks can be classified according
to the layers in a given architecture. They can be single and multilayer neural networks.
Below is an illustration of a single layer networks.
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Figure 5: Single layer neural network as adapted from [63]
For a single layer, the output is function of the input variables (xs) each with a weight
(w) to predict function h(x) is the form question 1. The output could be discrete value or a
continuous. Discrete values are for classification problems while real values are reserved for
regression problem.
y= w0 x0 + w1x1 + w2 x2 + ....... + wn xn
Neural networks can be multilayer as illustrated in figure below. According to Rojas [63],
multilayered networks are capable of computing a wider range of Boolean functions than
networks with a single layer of computing units. [63] also notices that the computational
effort needed for finding the correct combination of weights increases substantially when
more parameters and more complicated topologies are considered.

Figure 6: A sample for feed-forward multi-layer neural network [41]
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In a feed-forward procedure, the data flow algorithm moves in only one, noncyclical
direction, to initially determine the synapse weights and the back-propagation algorithm
corrects the initial synapse weights so as to minimize prediction error [17]. Performance
evaluation: The selection of best network for each output variable can be based on: (a)
coefficient of correlation between observed and estimated values (ryy), (b) coefficient of
variation (CV %), (c) root mean square error (RMSE), (d) bias, (e) bias %, (f) absolute
mean differences (AMD), and (g) graphic analysis of observed versus estimated values [51]
(cited in [17]).

2.10

Dynamic Modeling

2.10.1

Contextualizing the notion of a dynamic model

The primary role of a model is to mimic a working system. According to Shannon (1998),
a model is representation of an object, a system, or an idea in some form other than that of
the entity itself. With a similar idea, Maria (1997) defines a model as a representation of the
construction and working of some system of interest. A model can be in a form of a prototype,
a mathematical representation, a description of a phenomena or any other form. In this
research, focus is on mathematical models. Mathematical models use mathematical language
to describe the behavior of a system. A Mathematical model can be static or dynamic. Static
models can also represent systems that do not vary their state variable with time. In these
models, time element not included either directly or indirectly. Some static models represent
systems that are in a state of equilibrium. Dynamic models are for phenomena that vary
their state variables. Time is included in the model either directly or indirectly. A dynamic
model reveals the relationship among various variables in a system/phenomena and this is
instrumental in understanding the mechanism of a system studied. In this way users are
empowered in tuning and optimizing systems performance in fields such as manufacturing
systems. On the other hand, this can power users to predict the future state of the system
studied. Our study focuses on developing models that can predict the future behavior of a
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system which employs dynamism as an enhancement technique.
Most of the models developed mimic dynamic systems, systems that change their state.
However with the current trends in modeling, the adjective ”dynamic” is assuming a new
meaning. Many systems modeled portray some level of uncertainty. This creates a compromise in the model performance. The available models approximate the behavior of system.
Recent developments have revealed new techniques that allow models to adapt their behavior in response to erratic changes in the system. It is this context that this study is using
the term dynamic to describe models with the capability of adapting their behavior to cater
for unpredictable changes in the systems. Imbedding these adaptive capabilities in the models have revealed performance improved. In this research focus is on developing a blended
model with capability to adaptively select appropriate models for use in prediction of food
insecurity.
This adaptability or dynamism in modeling is a not a new concept. It has been used
mainly in formation of individual models. Now attention is also shifting in aggregating two
or more models. The following subsections review the concepts of dynamism/adaption either
at model aggregation or at formation of individual models. Effort has made to demonstrate
how these concepts would help or not help in the formation of the desired model.
2.10.2

Dynamic programming:

This is recursive problem solving technique for optimizing a problem that can be solved into
stages. At each an optimal solution can be found. The challenge of dynamic programming is
that the solution is not a simple search and a combination of optimal solution at each stage.
Greedy algorithms can be used to find the optimal solution in a dynamic programming.
Greedy algorithm is linear combination of optimal solutions at each stage. Studies show
that greedy algorithms do not always result into optimal solution. For example finding an
optimal path for heavy traffic roads cannot be solved by greedy algorithm. An optimal local
path can lead into a route that will end up being most difficult. Therefore finding an optimal
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solution therefore requires careful decision making. Dynamic programming is a three stage
process: (1) Obtain an optimal solution for a small a small stage; (2) Enlarge the previous
scope to and obtain the optimal solution; and (3) Continue enlarging and finding optimal
solution until a fully solution is obtained. Dynamic programming is suited for a problem that
can be decomposed into stages. If this is to work with formulation of a dynamic model for
predicting food insecurity, some restructuring of the problem is needed. A possible method
is to restructure a solution as a layered combination of various possible models. Relevant
theories or techniques will be is required structured the problem a hand accordingly.
2.10.3

Probability as a tool for dynamic modeling:

Systems that portray randomness or stochastic behavior are studied using probability theories. Various concepts in probability theory have been proposed and their applications have
led to formation of viable models. Great contribution has occurred in formation single tasks
model for predictive purpose. In context of our study we stipulate that models to participate
in model aggregation portray some uncertainty. We need to develop a technique to favor
performance improvement while selecting certain models to participate in formation of a
required dynamically model. This will involve exploiting probability theory concepts such
a maximum likelihood probability to determine which model are most appropriate given a
certain situation.
2.10.4

Modularity in dynamic integrated systems:

It can be argued that a model is a group of modules that work together to produce a
desired behavior. In designing an integrated dynamic model as decision support for disaster
management, modularity has proved helpful. According to Asghar et al, [4] the participating
models are decomposed into their constituent modules. These modules are then held at a
collection center some sort of a database. A solution is dependent on the nature of the task.
An intelligent algorithm captures requirements from the user and it appropriately selects
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which modules are suitable to model formulation. Using this strategy Asghar et al. [4],
have developed a technique to design a dynamic Integrated Model for Disaster Management
Decision Support Systems. Decomposing each model into its constituent modules can be
challenging. Depending on the development technique used, some models are not easily decomposed into thier consituent modules. Exploring this approach in the context of a dynamic
model for predicting food insecurity, the assumption is that each participating model can be
decomposed into modules. This is not apparent in our case.
2.10.5

Agent Technology:

Agent technology is a more advanced method for modeling systems as opposed to using
modular programming. The system is modeled in terms of autonomous entities said to
be intelligent. These entities play various roles such as providing services requested. This
study can exploit this technology if a solution can be envisaged as collection center for several
models. Agents can play a role select of dynamically selecting appropriate models participate
in model formulation depending on defined criteria. The challenge with this approach is
designing the appropriate agents which are aware of availability of several models and can
integrate models to suit a given situation is a complex exercise [1]
2.10.6

Evolutionary programming:

This is computing technique borrows concepts from Darwin’s evolution theory. The evolution theory attempts explain how species manage to survive. Species adapt to suit the
changing conditions in the environment. Species that are not able to adjust to unfavorable conditions are susceptible to extinct. The Science of evolution is now inspiring the
development of applications that highly adapt to the changing circumstances. According
to Engelbrecht [24], evolutionary programming is derived from the simulation of adaptive
behavior in evolution (phenotypic evolution). Machine Learning is playing a leading role in
exploring this possibility. Techniques adopted from evolution programming can be exploited
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to formulate a dynamic model for that integrated existing models [24].
2.10.7

A Model of Inductive Bias Learning:

Early works by VC-dimension had provided theory to guide and guarantee learning in single
task learning. This was a corner stone to foster the field of Machine Learning. VC dimension
provides bounds to provide a set of hypothesis that will ensure learning. Many of the Machine
Learning works are based on this theory. Multi-task necessitated new approach to ensure
inductive learning among many tasks. According to Baxter [9], inductive bias is instrumental
in enhancing performance in multi-task learning environment. It had been observed that
inductive bias was always supplied by experts and this is challenge in an environment of
limited experts. In response to this challenge Baxter [9] proposed an automated technique
to discover a bias that encourages formation of novel tasks. The proposed technique samples
the tasks and discovers the bias that will promote learning novel tasks. Contribution to
the knowledge is the automatic discovery the appropriate set of hypothesis the will promote
multi-task learning. Baxter [9] provides a high level bias, our focus on a dynamic technique
to aid in selection of models participate in model aggregation on a problem at hand.
2.10.8

Boosting with Decision Trees:

According to Chapelle et al [18], boosting had proved a successful technique in single task
learning. The strategy is to train several weak learners with and aggregate them to form
a superior model. This technique had not explored rigorous exploration in the field of a
multi-task learning. Chapelle et al [18] acknowledges the previous work which combined
probabilistic technique and boosting to promote multi-task learning. He however observes
that little attention if any had been given to explore boosting with decision tree in multi-task
learning. In this technique several learning tasks are learnt with a joint model, explicitly
addressing their communalities through shared parameters and their difference with task
specific ones. The algorithm is derived using the relationship between l1-regulation and

37

boosting. This technique was found to produce comparable results with other multi-task
models. The limitation is in failure to determine which groups will yield the optimal results.
There is need for a systematic technique to guide on how to create there grouping to promote
performance enhancements in learning individual tasks. Our study will make a contribution
towards this need as it aims at a dynamic technique to select models are appropriate to
participate in the model aggregation
2.10.9

Convex Multitask Learning with Flexible Task Clusters:

There had been a tendency to model multitask learning according to cluster relatedness.
According to Zhong and Kwok [82], there other forms of relatedness which had received
ignored such as relatedness at a feature level. Their study explored this relatedness and
combined it with cluster relatedness. In this innovation, there is no need to predetermine
clusters. The variations and similarities among tasks were exploited to generate clusters
during multi-task learning. Their proposed solution is convex and this means the challenge
of local mina has been addressed. Positive results have been reported. Has interesting
attributes that relate to objective of this work.
2.10.10

A Framework for Learning Predictive Structures from Multiple Tasks
and Unlabeled Data:

Ando and Zhang [2] raised a concern about the limitation in exploring the structural patterns in multi-tasking learning. Their study exploits relatedness at structural level in both
supervised and unsupervised learning to promote multi-task learning. Their study reveals
a set of hypothesis which is most likely to contain relevant model. An exploration of their
techniques can be instrumental in designing a dynamic model which is the major focus of
this study.
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3

METHODOLOGY

In chapter one, research objectives were formulated to define target areas for this study. Wellformulated study objectives are not enough for the success of any investigation. Strategies
to achieve them are equally important and this is the major focus of this chapter. This
chapter is hinged on four concepts: research philosophy, research approach, research design
and methods. These aspects are not distinctly independent, they are linked to each.

3.1

Research philosophy

Philosophy is derived from two Greek words meaning love of knowledge. Philosophy is for
people interested in pursuing the truth for its own seek. Throughout ages philosophers have
been critical on the how to reach the truth. On the other hand research is a vehicle for
a logical and systematic search for new and useful information on a particular topic [61].
Philosophy is said to be rigorous in its attempts and it is worthwhile to use its concepts
to streamline any research investigation process. Ssemalulu [69] emphasizes the need for
a research philosophy that can unravel the complexity to enable us understand the whole
process yet every philosophy has a distinct way of explaining the nature of reality (ontology), knowledge (epistemology) and values (axiology). Several philosophical paradigms have
been proposed that could be useful in such undertaking and these are not limited to positivism, anti-positivism, critical theory, functionalism and pragmatism. The major emphasis
of such debates lies in the epistemologies of research and is critically linked on the underlying assumptions [10]. In the context of this research, positivism, anti-positivism and critical
theories were found to be most relevant.
Positivism strives for objectivity, measurability, predictability, controllability, patterning
and the construction [22]. With objectivity, it believed truth (knowledge) can be generated
without the investigator’s influence on research results. The external influences due to
researcher, subjects, and environmental factors are controlled and consequently do not affect
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the final outputs of the study. Quantitative methods are the major techniques for collecting
and analyzing data. In positivist approach the size and nature of the samples used is key to
quality research out comes. If the size and nature of the samples are appropriately selected,
dependable results can be relied on for generalization. Hence prediction, controllability and
patterning become possible. Positivism suffers from problems of observer bias and structural
limitations in inquiry [10]. There are convictions that it is hard to control human influence
on the research results [40].
In the early 20th century, strong accounts of positivism were rejected by interpretive
sociologists (ant positivists) belonging to the German idealism school of thought [10]. Antpositivism offers quite a unique approach. It is believed that reality can be obtained by
interpretation of social setting subjected to research. Researcher’s and subjects’ influences
cannot be completely controlled. They have influence on the research findings. In response
to this, anti-positivists are expected to interpret the observations other than treating them
as mare facts. In the process such influences are controlled. Ant-positivist also focus on
the interpreting their results with aim of providing explanations. The main method for
data acquisition and analysis is mainly by qualitative techniques. Anti-positivists emphasize
that social actions must be studied though interpretive means based upon an understanding
the meaning and purpose that individuals attach to their personal actions [10].While understanding the social aspect of people in the context of this research, the major focus on
artfact development.
In our study the phenomena investigated is towards making a contribution in computational models for predicting food insecurity. Social interactions that could effect the final
outputs will be minimal in this study. The study shall identify data banks to provide suitable
data sets to evaluate the proposed model. This calls for positivist approach as a dominant
research philosophy.
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3.2

Research approach

A research approach provides a framework for guiding and conducting research as a whole.
Two contrasting research approaches are studied in relation to guiding this research. These
are; Behavioral Science and Design Science approaches [34]. According to Hevner et al.
[34], behavioral science paradigm seeks to develop and verify theories that explain or predict
human or organizational behavior. It is more focussed in Social Science research. It is a suitable paradigm where there is a need to comprehend human behavior with aim of stimulating
greater productivity with the use of various motivational tools. [36]. The potential danger
of behavioral-science is over emphasis on contextual theories and failure to adequately identify and anticipate technogical capabilities. Behavioral science is an inappropriate for this
study. Our study mainly focuses on formulation of an artfact; designing a dynamic model
for predicting food insecurity.
Design Science has been proposed for adoption as a research approach. This is also
called improve science approach [74]. The general goal of design science research is to
create or contribute to new and interesting design science knowledge in the area. The
creation of new knowledge should be through design of novel or innovative artefacts such
as algorithms, human/computer interfaces and system design methodologies [74]. In the
context of this research, focus on designing a dynamic approach based on exisisting models,
making Design Science approach appropriate to this study. In design science, computational
and mathematical methods are primarily used to evaluate the quality and effectiveness of
artefacts; however, empirical techniques may also be employed. Design science approach
is characterized five outputs instantiations, methods, theory, constructs, models [74]. The
key differentiator between routine design and design research is the clear identification of a
contribution to the archival knowledge base of foundations and methodologies [35]. Design
Science involve building and evaluation of artifacts designed to meet the identified business
needs. According to Hevner et al. [35], routine design is the application of existing knowledge
to organizational problems, such as constructing a financial or marketing information system
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using best practice artifacts (constructs, models, methods, and instantiations) existing in the
knowledge base. The diagram below illustrates the various components of Design Science
approach.

Figure 7: An illustration of Design Science approach: Adopted from [74]
The five stages involved in this approach describe below:
1. Awareness of the problem: At this stage an interesting challenge or a problem is identified. According to Ardakan and Mohajeri [3], awareness of an interesting problem
can come from multiple sources such as new developments in industry or in a reference
discipline.In context of this study, the problem statement describes the challenge invisaged. The possibility of contributing towards the formation of better models to predict
food insecurity has been identified. The aim is design a model that will integrate the
existing models as means to enhance re-usability. To achieve this, state-of-practice
and relevant literature will provide the building blocks for formulating of the desired
model. This was expounded in conceptual framework. In this way objective one will
be achieved.
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2. Suggestion: A noble solution / approach to address the challenge/problem observed
is formulated. In reference to design science approach the solution is expected be
a contribution to knowledge area. According to Gregor and Hevner [32] (cited in
[74]), research contribution comes from three areas: Improvement (New solutions for
known problems), Invention (new solutions for new problems) and Exaptation ( nontrivial extension of known solutions for new problems). In our study improvement is
applicable: a new solution ( by designing a dynamic model) is desired. The literature
and experience gained in the previous stage will be harnessed to formulate the desired
model. Consequently, objective two will be achieved.
3. Development: At this stage the proposed solution (the dynamic model) will be implemented in a laboratory environment. This is to demonstrate the mechanism of this
model. Partially, the validation and the testing objective will be fulfilled.
4. Evaluation: Data will be split into training and testing data sets. Specificity, performance errors, sensitiviy and area under the curve of the output shall be used as
evaluation attributes to determine the viability of the solution. This will be the last
stage in fulfilling the testing and validation objective.
5. Conclusion: Conclusion will be drawn from the evaluation based on experimental results obtained.

3.3

Research design

Research method describes the specific techniques used in a given study and there is typically a one-to-many relationship between a given research approach and method [31]. The
research design refers to the overall strategy that you choose to integrate the different components of the study in a coherent and logical way, thereby, ensuring you will effectively
address the research problem; it constitutes the blueprint for the collection, measurement,
and analysis of data [72]. It is a challenging exercise to categorize research designs and according to Mohammad [50] this is due lack of consistency in classification of different types
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of research designs. He observes that some classify these types based on research questions
being addressed while others focus on the data collection tools. Existing research designs include but not limited to : laboratory experiments (using human subjects), field studies, case
studies, action based design, cross section, mathematical proof, ethnographic, explorative,
and field experiment [31] [50].
3.3.1

Proposed design

Research design is governed by the notion of ’fitness for purpose’ [21]. Given the nature
of this study, mixed research design is proposed which cuts across; case study, longitudinal
and cross-section designs. Partial attributes of each of these design will be applied. The
attributes included will be selected on their relevance to study objectives.
The aim of longitudinal design is to track observational changes over a given period.
Pattern for predictive purpose can be extracted as a result. Time series studies leading of
longitudinal prediction are best for this design. This being predictive study, the need capture
observations in a longitudinal trend design is evident. In longitudinal design observations
can be obtained by questionnaires, interviews and other data collection techniques. In this
study relevant data archived/collected by data banks like national bureau of statistics and
Famine Early Warning System (FEWS) will be used. For details about data to be collected
see see subsection 3.3.2 data generation.
A case study: This is one the commonest research design applied to most of the studies.
An instance(s) of some phenomena/phenomena are selected. Case study is appropriate if it
is required to investigate a situation of interest without disrupting its natural setting like in
experimental environment. Not all situations are suited for this design. According to Yin
[79], a case study design should be considered when: (a) the focus of the study is to answer
”how” and ”why” questions; (b) you cannot manipulate the behavior of those involved in the
study; (c) you want to cover contextual conditions because you believe they are relevant to
the phenomenon under study; or (d) the boundaries are not clear between the phenomenon
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and context as cited in [8]. In this study contextual conditions are important because they
have role to play in understanding food dynamics. This can influence independencies of
prediction parameters. This study is a bout prediction of food insecurity with in country or
a state. There is a need to understand the situation in relation to study objectives which
will require questions of why and how. These can be answered best in a case study.
Cross section design: This is appropriate if there is a need to compare observations over
multiple cases at a given time. In this study predictions will based on sub regions of a
country like its districts or provinces. Dynamic techniques to predict food insecurity rests
at the core of this research. Re-usability will be based on cross section models of various
regions in a country.
3.3.2

Data acquisition

Data will be obtained from databanks as opposed to using questionnaire, interviews or any
other type of data collection method. Possible sources include FEWS linked satellite data,
National Bureau of Statistics and FEWSNET. Data from these sources include; remote
sensed data, house hold information, price trends, audio data and price trends. The table
enlists possible databanks and the associated data.
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Table 1: The table showing data sources for the study
Data Source
Data description
Studies that have used similar data
National Bureau of House hold information such as
[54]
Statistics
FEWSNET-Uganda
Price trends
[16]
FEWS
Weather patterns such precip- [15]
itation, vegetation indices like
Normalized Vegetation Index
(NDVI), Ratio Vegetation Index
(RVI), Soil Adjusted Vegetation
Index (SAVI), and Difference
Vegetation Index (DVI).
Web
Message postings in the web, Not established yet
blogs, facebook
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