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ABSTRACT

Data collection is one of the important components of Agricultural systems. Decision makers,
policy makers and service providers need accurate and timely data in order to improve the
quality of their services. Current practice of collecting agricultural and rural development
related data is through paper based methods where physical forms are filled with data and
processing the data collected manually. The transcription of data for analysis is difficult and
lead to low quality of data especially when the data volume is large. Furthermore, the
supervision of multiple data collections from multiple locations is difficult and may lead to
large time lag for data to be available for usage. This study reviewed existing data collection
systems and the available open source tools that can be used to improve the data collection
and reporting in agricultural information system and further proposed a prototype using
open source data collection frameworks to test its feasibility in improving the agricultural
data collection in Ethiopian remote rural areas context. The study focused on the statistical
agricultural data, which are reported to secondary governmental agricultural office from
remote kebeles and farming centers. The proposed prototype offers ways of collecting this
data through mobile phones and visualizes the collected data in a web application. Finally, a
qualitative study was conducted to assess challenges in remote agricultural data collection
and evaluate usability and functionality of the proposed prototype. The evaluation of the
prototype using the domain expert shows the promising result that the mobile technologies
particularly when it used with open source technologies, can improve the agricultural data
collection and reporting systems for the remote rural areas. As a future work, the system
needs to be extended by including more stakeholders at this sector. Further, Including

crowdsourcing and MGovernment functionality would make the prototype better.

Keywords: Data collection, Mobile technologies, Open source frameworks, remote rural
areas and agricultural data.
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CHAPTER ONE
INTRODUCTION

1.1 Background

Data collection is the main and basic procedure in any information systems. Decision makers,
policy makers and organization that provide service need accurate and timely data in order to
make the right plan and decision which main backbone to improve the quality of their services.
The demand to quality and organized data is high in every organization as it is used as input to
vital decision-making processes that have impact to socioeconomic issues monitoring.
Agricultural data is used as input for rural development and agricultural systems in policy
making process, analyzing and predicting the outcomes of farming activities such as harvest and
postharvest outbreaks [1]. Furthermore agricultural data is critically important in determining
development activity of this sector and therefore help the process of proper use and allocation of
limited resources. In the resource limited settings and less infrastructure like in the remote rural
areas, evidence based decision-making is important to properly use the available resources.
Agricultural information systems (AIS) in most developing countries are not efficient, and this is
probably due to unreliability of data which mainly causes for the underreporting of data to the
managerial level where decisions and plans are made [2]. The socioeconomic difference and
geographical reasons have hindered the potential availability of potential agricultural and other
rural development related data. These gap of barriers have affected the agricultural data
collection methods, which are mostly manual, and paper based. Data collected through
traditional methods or manual methods are not standardized, and therefore these are difficult to

process for analytical and data mining purposes [3].

In recent years, the economic growth in Ethiopia has been reported to grow in high rates. The
agricultural sector has the lion share in this development. As 80 percent of Ethiopians are
employed under this sector [5], large population mean more challenges to government
agricultural statistics workers in dealing with large volumes of data and it has often raised the

need for quality data collection and data analysis.



With the advancement of smart phone technology, the demand of advanced and mobile phone
based methods of collecting data have increased [19]. This advancement has caused the cost of
purchasing and operating a cellular phone device to be affordable to low income communities in
such a way that there is an exponential growth of cellular subscribers. According to Ethiopian
telecom statistics on number mobile phone subscribers, it’s doubled since it was five years

before and, it is expected to grow.

This Study use mobile technology as the candidate technology in improving data collection in
the remote rural areas and even in isolated regions of developed world. The discussion on the use
of smartphones or mobile technology in data collection have been motivated by the advancement
of modern cellular technologies, which enables mobile devices to carry more capabilities in
internal memory, processing speed and visual display. Furthermore the mobile phones are
portable and have long lasting battery life for none power areas that could support remote
collection of data in various geographical locations compared to laptops computers and other

portable data processing devices.

1.2 Motivation

This master thesis has been highly motivated by the suggestion given by Sen and Bricka [10],
that there is a need for academic researchers to test the emerging mobile technologies in solving
community problems especially for community live in the developing world. There is a number
of research done so far and on progress in data collection using portable information
technologies. However, with the advancement of mobile technologies few researchers have
attempted to investigate the use of new phone technologies merging with open source
environment in collecting agricultural data, especially in the remote rural areas. Moreover, as the
affordability of technology is a big deal in developing nation, it is necessary to study the means
in which open source technology with mobile technology is used for data collection processes at

low cost.

With these factors, the study motivated to investigate the available mobile technologies and open
source frameworks, which can improve agricultural data collection and reporting systems from

the remote rural areas.



1.3 Statement of the Problem

Agricultural data processing between different levels of governmental agricultural office and
farming facilities have been affected by over and under reporting problem. Manual aggregation
of large volume of data is now a tedious work and has high error rate which mislead the
understanding of decision makers, the fulfillment of the plans and the policies that are created to
improve farming activity and services in this sector may be difficult. While many open source
frameworks that could ease efforts to statistical data collection, few studies attempted to build
prototypes from these frameworks. Several efforts have been made by specific researchers in
improving health data collection using the open data kit framework and the ubiquitous
infrastructure however efforts made before was totally rotate around health data collection and
therefore, nearly few emphasis was given by researcher for spatial data management which is
essential for agricultural data collection and reporting. Piette et al. [25], assert that mobile
technologies and open source frameworks are together can improve health related service. This
indicates mobile based data processing has tremendous value in improving services. The current
way of reporting agricultural data from remote rural areas to management levels in Ethiopia was
subject to underreporting due to involvement of human being in collecting and aggregating data.
With paper-based methods, data accuracy and consistency in reporting was difficult to maintain.
Data collected through these manual methods are not standardized and therefore these are more
difficult to process for analytical purpose and the data mining purposes. The limitations of
resources such as human resources and infrastructure in the remote rural areas put agricultural
data workers in tedious situation of dealing with large volumes of data through paper-based
methods. With paper based methods, it was hard for the agricultural service managers to track
data from remote farming fields. This may lead to delays in generation of important reports that

could help decision makers and policy makers in improving services in this sector.

1.4 Research Questions

This study planned to answer the following research questions (RQ) basing the problems

mentioned above.



RQ1: What are the challenges with the available paper based agricultural data collection

and reporting methods hinder in current Agricultural Information System?

RQ2: how could the available open sources frame works and models can be used as

integrated agricultural data collection framework?

RQ3: How could mobile technologies and open source frameworks improve the
aggregated agricultural data collection and reporting process from farming areas to office

facilities?
1.5 Objective of the Study
The specific and general objectives of the study presented as following

1.5.1 General objective

The main objective of this master thesis was to investigate and analyze the challenges associated
with agricultural data collection and reporting, and propose finding on how the open source
technology merging with mobile phone can be used for integrated agricultural data collection

and reporting from rural farming areas through building the right open source framework.

1.5.2 Specific objectives

With the above general goal in mind the research tries to fulfill the following specific objectives.

e To investigate the challenges of using available paper based and other digital
based agricultural data collection methods and reporting systems from rural area
to offices effect the integration and data flow of AlS.

e To investigate the available open source framework and tools to test if it can be
used to collect and report the agricultural data from remote farm fields.

e To propose a solution for the collection and the reporting of aggregated
agricultural data in the remote rural areas through mobile technologies and open
source frameworks.

e To implement the prototype system and test the workability and evaluate the
performance of the prototype system



1.6  Scope of the Study

The general scope of this study is bounded to open source technologies for both frontline and
dashboard system because of their stability, which are fuelled by the support expertise from large
community of developers worldwide. Furthermore, adoption and acquisition of open source
technology solutions could be more relevant for the developing world as it requires less financial
effort to implement and has large support to make it stable and viable [9].

The specific scope of this study was limited to mobile based agricultural data collection, the
thesis had focused only in investigating mobile technology, and the available open source
frameworks and models in improving the process of collecting and reporting agricultural data
from primary agricultural facilities to secondary governmental structure. The thesis focuses on
collection of agricultural statistical data that is reported to managerial level to enhance data
driven decision-making and policy-making process. For the reason of limited time, the other

types of rural development data such as health and educational data are out of this scope.

1.7 METHODOLOGY

In this study, a combination of qualitative and design science approach has been used to answer
the research questions because it requires multiple methods to get them answered. Combining
methods offers great promise on flexibility of the research to be carrying out and draw strengths
from multiple methods and therefore allow the research to answer broader questions that are not
confined to only one method [12]. The literature review were performed, design and creation and

finally conducted a questionaries’ to evaluate the results of implemented prototype.

1.7.1 Data Collection and analysis

Relevant documents and workbooks in some selected Ethiopian ministry of agriculture and
regional agricultural offices have been reviewed to understand the data collection and reporting
method in this governmental sector. And interviewing employees in agricultural offices found in
operational and management level then review other related literature to gain an understanding
of the challenges of paper based and mobile based agricultural data collection in remote rural

areas was done, which addressed RQ1.



Thereafter put the literature review most are online articles and other documents focusing on the
mobile technologies and available open source frameworks that can be used to improve
agricultural data collection and reporting process from lower to upper governmental and non-
governmental structure was reviewed. The review helped to gain understanding which addressed
RQ2.

Study followed the Oates [15], 7 steps in reviewing literature critically. The steps are searching;
obtaining, assessing, reading, evaluating, recording and writing a review. The process of
reviewing literature started with searching the literature from several governmental offices and
digital libraries such as Google scholar, Science direct and ACM library by using the keywords
which was extracted from the research objectives or goals. The keywords used in searches were
“Data collection”, “Mobile technologies”, “Open source frameworks”, “Developing world”,
“agricultural data”, “agricultural information system” and “agricultural statistics”. Then the
literature found was assessed by going through the abstract and the conclusion parts to see if they
suit this study. Also use “references follow up” technique to obtain the materials which were

referenced in the found literature, this helped to expand the understanding of the study.

1.7.2 Design and Creation

The nature of this study was to design a prototype for mobile agricultural data collection and
reporting from the remote rural areas which only use the open source framework and models.
This follows a design and creation science approach, it’s an approach to create things that serve
the human purposes, which is technology oriented. March and Smith [16] have defined a
research framework to model research activities in studies that follow a design and creation
approach. In this design framework there are four main artifacts that are mapped to the four main
activities. The artifacts are constructs, model, method and instantiation [11]. The activities are
building, evaluate, theorize and justify. This study followed this framework to properly
conceptualize and represent all the techniques to the needed solution. The main activities are
building and evaluating the instantiation of the prototype for mobile based agricultural data

collection in the remote rural areas. This method addressed RQ3.



The procedure of developing a prototype started by studying all available open source
frameworks and models the use the open data kit framework and thereafter followed by design of

custom functionalities for mobile rural agricultural data collection.

The study started by identifying the stakeholders (users) through a scenario of the data collection
and reporting systems in Ethiopian remote rural areas, and literature review. The requirements of
the users were identified through interview and literature review and also using author
experience on agricultural information system of the rural areas. The prototype was then
developed through a series of customizing, testing and debugging of the source code to suit
agricultural data collection. Due to some constraints, study could not perform the testing of the

prototype in the actual environment or in rural agricultural information system.

1.8 Evaluation and Testing

Evaluation is main component used any technological research process. According to Hevner et
al. [18] there are different ways in which IT artifacts can be evaluated and assessed; the ways are
functionality, completeness, usability, consistency, accuracy, performance, reliability and how it
fit with the context. The evaluation process of this study aimed to evaluate the functionality and
usability of the proposed prototype through a qualitative method. The evaluation results help to
reveal the challenges of the paper based data agricultural data collection methods and also pin

point the users’ suggestions that could be used for improving the prototype in future.

1.8.1 Study Method

The selected method for the evaluation part was about selecting the domain expert (agricultural
statistician) for prototype evaluation and conducting an email questioner survey for experts at
managerial level as they are not more available for direct contact and direct contact for lower
managerial level of agricultural office. According to Eysenbach and Wyatt [19], email survey is
the preferred method in qualitative study when participants are scattered and the data is required
fast in readily analyzed form. Therefore, the study chose of this method was chosen to conduct
this qualitative study for general evaluation of the research objective by assessing and having

address of some experts and managers in zone and regional level.
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1.8.2 Planning and Preparation of the Evaluation

The execution of the evaluation study started with planning and formulation of questions that
assess the current method of agricultural data collection and possibility of improving the
situation through mobile technology. The main objective was to evaluate the feasibility of the
proposed prototype in agricultural systems of remote rural areas where there the coverage for
mobile network is available. Therefore, a questionnaire that included the description of the
prototype which helps the respondents to get knowledge of the prototype before answering the
questions was created. The questionnaire was divided into three sections; the first section
presented the introduction and a short description with screenshots of the proposed prototype to
familiarize and help understanding of the respondents with the main objective of the developed
prototype and its functionality. The second section presented general questions that aimed to
understand the challenges of agricultural data processing systems and assess feasibility of mobile
applications for data collection. The third section presented a set of questions that aimed to
evaluate agricultural data collection process and the proposed prototype. The questionnaire is

attached in Appendix I11.

1.8.3 Participants of the Evaluation

The participants of this study were selected by the criteria of being an expert in agricultural and
rural development office and statistics office with the assumption that they have some
knowledge of agricultural information systems and use this concept in their day to day activities.

The priority was given to the people who had knowledge of the agricultural information systems.



Literature Review

Questionnaire

Design and

technologies ....?

collection in the remote
areas. The scenario was
chosen due to previous
experience the data
collection and reporting
with the selected
scenario. Investigate the
data flow between
different governmental
and institution levels and
data type collected in
each level. Identify the
stakeholders and capture
their requirements from
the selected scenario.

statistics experts. Ask them
about the usability in
improving agricultural data
collection in their activities
agricultural data processing.
The mission was to test the
feasibility of the prototype in
improving the rural data
collection and reporting from
primary rural facilities to
secondary governmental level
in the remote rural areas.

Creation
RQ1: Review the literature on Asking agricultural experts
What are the the current rural and other stakeholders from
challenges...? agricultural information the agricultural and rural
systems in the remote development office; What is
areas and investigate the | the main method of collecting
challenges on agricultural | and reporting agricultural
data collection methods data? What kind of data is
(paper and mobile-based | reported from rural farming
methods). fields to management levels?
See Chapter 4. What is the frequency of
reporting data? What are the
challenges that hinder the
success of agricultural
information system? See
Chapter 4.
RQ2: Test the models and
how are the available | Review the literature on
open source mobile the open source mobile
.2 data collection
frameworks. Compare the
reviewed frameworks by
their capabilities in
collecting data and
supporting technologies.
See Chapter 4.
RQ3: Review the scenario on Describe the functionalities of | Design a
How can mobile agricultural data the prototype to agricultural prototype for

agricultural data
collection from
farming facilities
to secondary
governmental
level using open
source
framework and
later test.

Table 1: Mapping research questions to the research methods




1.9 Contribution of the study work Results

This master thesis provides knowledge and implication of how the open source frame works and
models can be used in reducing the challenges that impede in agricultural data collection and
reporting systems from farming fields of rural kebeles to secondary governmental structure or
facilities like woreda and zone in Ethiopia. Moreover, the prototype for mobile agricultural data
collection has been constructed on open source frameworks to test the applicability on how the
this frameworks and tools merging with mobile technologies can be used in improving
agricultural data collection and reporting systems in remote areas. The reason for developing this
prototype has been highly motivated by the suggestion given by Sen and Bricka [10], that there
is a need for academic researchers to test the emerging mobile technologies in solving
community problems especially in the rural areas where long lasting battery and it affordability
is mattering. The prototype use spatial data management for data analysis’s in office for further
reporting and use. The overall contribution from this study is contribution to knowledge how
open source frame work and mobile technology models used together for agricultural data
collection and reporting system which depends on open source frame work for both data
collection (front liner) and data analysis (office data management) which can improve data
collection and reporting from remote areas like kebeles and farming facilities to secondary

government structure only using the open source technology.

1.10 Thesis Organization

This thesis has been organized into 7 chapters. Chapter 2 presents the literature review, Chapter
3 presents the mobile technologies and open source frameworks for data collection, Chapter 4
present proposing components and toolset standard, Chapter 5 presents the proposed prototype,
Chapter 6 presents the evaluation of the proposed prototype and the summary of the study are

presented in Chapter 7.
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CHAPTER TWO
LITERATURE REVIEW

Due to the fact that m-services (mobile services) are an emerging field, many researchers have
been devoted to conduct studies in various application areas. However few studies have been
carried in the developing world on agricultural and rural development applications in general.
Although a lot of research was done in developed world it is not appropriate to address problems
in the developing world because technical compatibility and technological gap, geographical
constraint, community living standard and the economic constraint are the main issue that
hindered and protect the researchers not to work and address the developing nation in their

research.
2.1  Agricultural Information Systems

Agricultural information system is the systems for collecting and processing agricultural data
from various sources. AIS have become a crucial component for strengthening the agricultural
and rural development in developing countries. There has been a report that shows the
tremendous growth of these systems in recent years; this has been the result of advancement of
technologies, which is taking place all over the world. AIS emergence has; therefore, lead to
shifting from paper based to computer-based ways of processing agricultural information. This
shift has increased the opportunities of manipulating agricultural data efficiently [42]. However,
it has also raised challenges of technological complexity in using the advanced tools of
processing this data. The usage of agricultural data is extended not only for rural agricultural
development and administrative use but also it used for planning and decision making in
improving agricultural information gap among different offices. Agricultural extension and
office workers nowadays deal with large amount of data, a situation that has highly vulnerable to
errors, and increase the cost of accessing and using the data. Demand of technology based tools
that could ease the data input and manipulating process is vital and is relevant in increasing the
performance of professionals’ works in rural development [13]. Ubiquitous network
infrastructure which in now available worldwide open up doors for new agricultural information

systems that could allow capturing of different types of data everywhere [21]. However
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implementation of AIS has been challenging developing countries due to uncoordinated
structures of their agricultural organizations that cause unnecessary fragmentations of
information systems, inconsistency and redundancy in reporting [22]. The lack of shared
standards in data collection methods cause the gaps in reporting agricultural data as it might lead
to important data not to be reported. Furthermore lack of coordination between governmental
offices of different levels in reporting agricultural data lead to poor utilization of the collected

agricultural data which might therefore affect the quality of service that is offered by AIS [23].

Adequate and timely information at the top governmental level is of crucial importance towards
improving strategic plans of managing the primary agricultural facilities of rural area. Lack of
adequate information may lead to negative and unexpected impacts to the agricultural system
such as underreporting of important data [23]. Data collection units at the operational level needs
to be equipped with appropriate technologies that can lead to availability of adequate and timely
information. Agricultural data systems in remote areas of the developing world have been facing
the problems in reliability of data, and, therefore, hamper the delivery of quality of services to

agrarian [24].

In order to improve the coordination among governmental agricultural structural levels, the flow
of necessary statistics information needs to be understood. The flow of rural development related
data from the lower level (primary facilities like kebeles) to higher level (secondary facilities like
zone and regional level) needs reliable data from the lower level of governmental structure. The
management or upper levels where strategies and plans are made rely on the information
collected from the operational level. Proper data reporting and collection methods allow regular
monitoring of agricultural information systems [1]. Figure 1 shows different levels of

agricultural system and the need of data in each level.
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Figure 1: Levels of Ethiopian agricultural government structure and the data flow

[adopted from Oromia regional agricultural office].

The use of smart phone technology with open source environment seems to be advantageous as
an enabling technology for resource limited settings such as in the developing world [25][8][26].
However, most of the previous researchers studied the use of PDAs and laptops, which are
nowadays regarded as an old technology compared with the new emerging mobile technologies

of cell phones, smartphones and computer tablets.

PDAs and old hand held devices have limitations on kind of data they can capture compared to
smartphones and cell phones. For example, they have less processing capacity, cannot capture
GPS data, and they have small memory size compared to smartphones [27]. Furthermore, the
networking capability of PDAs is constrained compared to smartphones, which have advanced

networking capabilities such as 3G/4G and Wi-Fi support, which can allow capturing of
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multimedia data such as images and video data. In agricultural data collection perspective,
smartphones and cell phones could offer more capability compared to PDAs [27]. Basing on
what has been done; thesis has explored opportunities of exploiting this advancement of ICT
(Information and Communication Technologies) to improve remote rural areas data collection

process in the developing world.

2.2 M-Administration

SMS and other mobile services are not only providing a channel of communication between
Citizens and government, rather they also enable government-to-citizen transactions. M-
Government is new emerging trend provides opportunities to improve the internal operation of
agencies work on public related issue. Again, there are few instances of such applications yet in
developing/transitional economies [50]. Another potential for wireless technology is that it may
provide a seamless environment for civil servant to stay connected from any device anywhere
any time. Up-to-date information for government to employee (G2E) information and services
can be given as a service at any time, as most data they need is on the Internet, on their network,

or on a portable device under their control.

There are some sectors started using M-service and m-Administration in Ethiopia:
1. Mobile banking(M-Birr)
2. Health
a. Monitoring Progress
b. Telemedicine(Hello doctor)
3. Bill Collections/Lehulu
4. Irrigation / Water Resources
a. Capturing Reservoir Storages
b. Monitoring Releases of water through Sluices
¢. Monitoring Minors and sub minors area under a given Canal

5. Urban Local Bodies(through voice call)
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2.3  Concept of Mobile Government

Mobile government is one of the emerging and most important developments in e-government.
The promise of e-government to provide community or citizen of specific nation greater access
to government information is progressing in many developed countries as the infrastructure is
not a big issue and the adoption of e-government seems to be at a good pace [52]. In contrast, the
e-government adoption rate in developing countries is relatively lower. This may be mainly due
to the lack of technical infrastructure in supporting government’s efforts, as well as such factors
involving cost of getting an Internet enabled PC, and ability of citizen’s learning and accessing e-

government applications: “readiness for adoption of e-government” [22].

Among others, such factors involving the readiness contribute largely to slow rate of Internet
penetration in developing/under developed countries which subsequently may lead to e-
government adoption problems. However, more and more mobile telecom operators are being
active in developing countries [28], and the demand for mobile phones is increasing continuously
which is the case for Ethiopian telecom. The cost of owning a mobile phone is much cheaper
than a computer with internet connection and the learning how to use a mobile phone is also
simpler. The demand is huge, and so are the opportunities for the governments to reach the ever
expanding network of citizens around country. A unified information campaign that could be
launched by government to advertise all its SMS- based services will raise people awareness and
use of these services [53]. There is need to enhance the electronic linkages among offices within

an agency and among government agencies.

An examination of some of the mobile government applications within various nation Shows that
mobile business applications may not be easily applied to governmental administration structure,
yet there are compelling reasons for implementing. Is it unreasonable for citizens’ specific
nation, for example, the need for technology-enabled services from their government similar to
the Services given to them from private sector organizations such as airlines, banks and Utility
companies where reservations for flight, international currency exchanges and bill payments are
now possible without human intervention? As such, there is a tremendous increasing need to
introduce mobile technologies for governmental organizations like the agricultural sector. The

high rate of mobile phone subscriptions opens a new channel for governments to reach their
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citizens fast and provide timely information to them. The features of some smart phones
technology to be accessible anywhere, anytime make that possible especially when it considers
the remote rural community where other advanced technology are not possible to install and use
there. The M-Government can bring big contribution for rural community development in
informing and creating awareness about their day to day activities like prices around agro

product and informing about weather and other essential data can be pushed to agrarian.
2.4 Data Reporting

There are different kinds of information that is reported to agricultural managerial level in
regional and national agricultural systems. The categories of the information required includes
harvest/postharvest data, production data, specifically farming area of each crop planted, the
quantity harvested in one farming season, resource conservation issue, irrigation activities, report
of natural disaster, disease report (both plant and livestock) and numbers of livestock held and
sold for each type of livestock and some agro-business related information. Information in the
remote rural areas used to improve services in the rural development, especially in increasing
accountability and plans progress monitoring [28]. There have been efforts of improving the
agricultural reporting systems in remote rural areas; however, the demand of improving data

collection methods is high due to advancement of technologies and increase of population [29].

2.5 Related Works

2.5.1 Commodity price reporting in ECEX

Ethiopian commaodity exchange agency (ECEX) [2] [5] is the pioneer of agricultural information
system and one of their agricultural reporting is about price for commodity which is displayed to
public through SMS based sonic screen situated in different site of the country. ECEX aimed to
address key problems in finance and price for commodities. Despite of adopting smart phones
technology in ECEX, the data are still collected from traders in different manually using paper
based and tally sheets. The collected data are then sent to the sonic screen through SMS from
ECEX center with daily update.
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Figure 2: Public price reporting in ECEX [2]

For most organization that works in agricultural sector, the data processing methods are manual
which is paper based and excel tally sheets which are exchanged around their structure of
management, but ECEX is the pioneer in utilizing technologies in data processing. Some typical
data that is collected, stored and analyzed in ECEX center are the following:

= The description of the commodity including its origin and certification number
where appropriate,

= The quantity exchange in terms of quintals, tons, metric tons or other standards of
measurement are used,

» The quality, as per standards approved by appropriate organizational laws or
regulations, or by relevant governmental agency, or as per adopted standards of the
commodity exchange

* Price, including, value added tax ( VAT) and all other lawful levies

* Product Delivery date and the terms thereon
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= Storage services status, handing and insurance costs
= The name of the broker work on related issue, if there is one

= Provisions on notice

The methods in which data are collected and aggregated increase the risk of low quality of data
and has been reported to affect the decisions that are made based on the data [30]. Figure 3

shows the information cycle in ECEX.

POLICIES
LAWS Graders Arbiters
| Processors
Oversight body \ \ / /

Feed Industry

COMMODITY EXCHANGE

Farmers

Food aid
(Cooperatives,
Exporters
Warehouse
Receipts Domestic /
b Traders
Banks / Transporters

Figure 3: Information cycle in Ethiopian Commodity Exchange (ECEX) system [5].

Since ECEX has been introduced in Ethiopian agricultural information system, it has been
contributing a lot in this sector, the study motivated to draw needed requirements from the
workflow of this system and seek for a way to improve the reporting mechanism Ethiopian
agricultural information system using the advantage from newer technologies and used to

improve data collection and reporting activities in Ethiopia rural areas.
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2.5.2 SMS based data collection

RapidSMS [51] is the SMS-based open source data collection framework that helps mobile
collection and aggregation of data. The framework offers functionalities of capturing data
through SMS and managing data through a web interface. It supports all kind of smart phones
platform, which have capability of sending and receiving SMS. RapidSMS does not require any
client software to be installed in a mobile phone; it makes use of the SMS application that comes
with a device. This feature has geared RapidSMS to be used in large surveys in developing
countries such as Nigeria, Senegal, Malawi [17] and here in Ethiopia it used for viewer comment
on TV show for which many basic phones are mostly used. RapidSMS has been used in several
studies including national surveillance, response monitoring and supply chain using SMS in
different nations [50] [51].

2.5.3 ODK Related Works

Several efforts have been made by several researchers in improving data collection using the
open data kit framework and the ubiquitous infrastructure. Piette et al. [25], assert that mobile
technologies and open source frameworks together can improve health related service. They
propose a software that combines OpenMRS (Open Medical Record System) [21] and ODK
(Open Data Kit) [25] in management of non-communicable diseases (NCDs). Adoption of this
tool in Mhealth was found to improve patient management, access to health resources, access to

information and health education.

In another research, which was keen to evaluate the performance of adopting and the use of
ODK in data collection in resource limited settings, Rajput et al. [46] found the use of ODK to be
more cost effective compared to paper based methods. Paper based collected data was requiring
extra efforts in integrating to existing record systems. The evaluation on the use of PDAs in this
study found PDAs to have limitations such as inability to capture GPS data and synchronization

of data with external data storage devices.

Aanensen et al. [49] research on the use of smartphones with web application show a promising
successful future of the new mobile technologies such as Android in improving the data

collection process. Unlike PDA, which was found to encounter weakness, especially in the
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security of collected data, the approach of linking smartphones with web applications in one
central dashboard has improved the security of data in large extent. Once the data is collected by
the smartphone application, it is synchronized to the server web application where analysts can
quickly access it and use for different purpose. This does offer to maintain security and also
timely reporting and quality of the data is maximized compared to the old fashions of collecting
data and ensure data locality. In this study one more step is taken by evaluating available open

source frameworks that can reduce the effort of setting up a mobile data collection system.

Based on the reviewed open source frameworks for data collection and mobile technologies, it is
clear that the development of mobile applications is on the high peak attracting developers and
researchers to explore and develop solutions to bridge information gaps especially in developing
nation. The advancements have gone further in developed regions compared to developing ones.
There is still need for academic researchers to test the applicability and usability of these
growing technologies in improving information systems of the developing world as it was
suggested by Sen and Bricka [10].A prototype is developed and evaluated for agricultural data
collection for the purpose of testing and to build understanding of how the available tools can

serve for remote agricultural data collection in the rural areas.

2.6  Gaps Found in Literature and current data collection methods

Despite several efforts that have been made to address the agricultural data collection challenges
using modern ICT technology, the demand for improvement is vital. The introduction of newer
technologies like mobile phones opens new opportunities of improvement. The following are the
gaps found in the previous way of collecting and reporting agricultural data in Ethiopia and other

developing world.

Gap 1: There was fragmentation of agricultural information system due to un-
coordination and un-integrated information flow between different levels of this

Agricultural governmental sector and other non-governmental institutions.

Gap 2: The current way of collecting and reporting agricultural data from remote rural
areas to management levels was subject to underreporting due to involvement of human

being in collecting and aggregating data.
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Gap 3: The way of reporting statistical routine data to the managerial level was not

timely and may lead to delay of crucial time based decisions that could be more effective.

Gap 4: Although there had been many open source frameworks and models in all means
that could ease efforts to data agricultural collection, few studies attempted to build

prototypes from these frameworks which can address rural data collection.
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CHAPTER THREE
DATA COLLECTION SCENARIOS

This section presents the review of the mobile technologies and the available open source
frameworks and models used in data collection. The section started by understanding the
challenges with the existing paper based and mobile-based agricultural data collection methods

in the remote rural areas.
3.1 Scenario of Agricultural Data Collection and Reporting in Ethiopia

The Ethiopian agricultural and rural development related data flow starts from the agricultural
fields (kebels) and goes to the woredas and zone, then to the regional and finally to the national
level. The data are collected using paper and pen methods and rarely using computerized

methods such as spreadsheets.

Regional and national level

Processed Data file e Receiving data files and
report from low level

Book3: T e Process and analyze
analyzed data

<—| Processed data file

from lower

Woredas and zonal Administration

levels

level

e Collect forms from kebeles
Book2: report forms

L

e Re-organize and compile for

regional and national stastics
center

Book1: Woredas

level statistics

Remote kebeles

A o Fill the register with ledgers
Ta‘ly sheets e Use tall sheets to get counts
/ e Develop report sheets and
U >—
7\ \ forms for woredas and
Register and Register and Register zones reqiust
fill form fill form and fill

Figure 4: Data flow in Ethiopian agricultural system
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At the agricultural fields and farmers training centers, the data are collected using cards and later
recorded into registers. Registers are then used to generate tally sheets, which are compiled and
filled into forms (see Appendix | and I1). Report forms are further reported to woredas and zone
level where they are compiled and generate new forms. Forms are then manually submitted to
the national level where they are further aggregated and analyzed. Figure 6 shows the flow of

data and the process at each level.

All reports from the remote kebeles are submitted to the woredas (organized as book 1) and
sometimes directly to zone. The sample form, which is used by woredas agricultural office used
to report information collected from lower agricultural extension workers in remote kebeles
statistics to the zonal level, is shown in Appendix I. There are different routines of reporting
agricultural data from one level to another within agricultural information system in which it
starts from farming kebeles to woreda then to zonal office is normal data flow and sometimes
skips governmental structure. Table 8 shows the routines the reporting agricultural data from

remote kebeles to management levels.

Data Flow Frequency
Rainfall farm To woredas: Quarterly
_ Normal
production To zone: Annually
Conservation and To woredas: Monthly
o o Normal
irrigation activities To zones: Monthly

_ _ To zone: Quarterly
Veterinary case report | Skip woredas )
To National: Annually

Pesticides and To zone: Quarterly

normal To region: Annually

chemicals usage

Table 2: Routines in Ethiopian agricultural information systems

From this scenario and the general case described, it’s possible to understand the data flow and the
frequency of reporting data between different levels of agricultural systems. From this understanding,
a prototype for a mobile data collection is designed. the design process will be presented in the

following sections.
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3.2 Challenges of the Agricultural Data Collection and Reporting Methods

There are several challenges and constraits that affect collection of remote rural areas data in the
remote farming fields. One is the limited number of resources and experts. The other is critical
shortfall in lower level officials in the lower governmental structure, and, therefore, this makes
the process of effective data collection more tedious [5][25][13]. In addition to that,
socioeconomic constraints that face this developing region make the effort of training enough
statisticians difficult and therefore the paper based data collection methods become inefficient

because of lacking enough skilled people to manually collect and analyze the agricultural data

[1].

Despite of the limited number of frontline workers, the rural infrastructures are not enough to use
full potential of the technology promises [4]. Geographical, infrastructure and limited resources
in highly populated rural communities are the barriers that impede the speed of agricultural data

collection using paper based methods [32].

And the lack of reliable communication infrastructure is main obstacles in data collection
process. Communication infrastructure in the developing world is not stable and is often
compromised by weather and natural calamities such as rain, floods and earthquakes. This causes
delay of agricultural surveys and also sometimes become expensive as it involves more workers

and increases the cost of transporting the manually filled forms [7].

Paper based data collection tools such as questionnaires have a large degree of error and are
subject to data loss. Data processing using this method is reported to be more time consuming
and cumbersome which does not guarantee quality of the outcome [33]. This has then lead to
delays of surveys due to time lag between field data collection and timely availability of data for
analysis. In addition to that, automating or digitizing paper-based collected data is difficult and it

is subject to lack of data quality.

The evaluation study that was conducted by Missinou et al. [34], found portable technologies
such as PDA and palmtop to be more advantageous compared to paper based data collection
methods. In this study, PDA was found to be less time consuming and with more data precision
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compared to paper based method. However, in the study conducted by Ganesan et al. [35] it was
reported that mobile phones are more advantageous in data collection compared to PDA due to

their advanced features in memory, long lasting battery life and networking capability.

In general agricultural data collection and reporting systems in the developing world are mostly
affected by economic barriers in these regions. These barriers impede the efforts of improving
information services in agricultural sector such as improving access to general agricultural data
and reporting systems to enable effective data driven decision and policy making for rural
development. Lack of resources such as human resource make the effort of collecting and
reporting data cumbersome and therefore causes inconsistency and underreporting of the data

from remote rural areas.

The use of smart phone or mobile technology could bridge this gap in a low cost and effective
manner by allowing gathering of data remotely through trained personnel in the community, in
this case, the agricultural extension workers. The modern mobile devices have capacity to carry
more capabilities that could overcome the barrier of limited resources in this sector in the rural
areas. Furthermore, the use of mobile phones promises more efficiency and more quality of the
data collected. Perera [32] says “With these advantages of Mobile-based systems, it is
undoubtedly suitable to consider developing paradigm-shift application infrastructure to
overcome problematic issues in present information systems”. The study reviews the application
of mobile technologies in improving agricultural information systems of the rural areas. Table 3
presents a summary of the challenges of agricultural data collection and reporting in Ethiopian

remote rural areas collected from literature review and questionnaire survey.

3.3  Discussion of the Questionnaire survey

The first part of the evaluation study intended to assess the challenges in agricultural information
systems including data collection methods. The summary of the response from the participants is

as follows.

First is the collection of incomplete or incorrect data due to lack of understanding of the flow of
agricultural data. Then asses points that subject to inconsistency and underreporting of the
agricultural data to the management level.
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There was a general lack of capacity for data collection and processing. And there was a critical
infrastructural problems like transportation in which data collector in this case agricultural
extension worker need to use traditional transportation to reach the woreda or zone offices for
collected data and the report generated at rural farming fields (kebeles). This causes the efforts of
collecting and processing agricultural data to be difficult and result in delays in reporting crucial

information.

Large population and wide areas of assessment per data collector and with limited resources are
the other things that impede in some woredas and kebeles. In remote rural areas, few available
resources and infrastructures like power and transportation are used to serve large population;
This caused inefficiency in the whole process as few workers are dealing with large volumes of

data in which pen and paper are totally used to process data.

The study has also found out that most of the agriculture offices at woredas and zones level,
totally use paper based methods in collecting and reporting agricultural and other rural
development data, and higher managerial offices in zone and regional level are also partially
computerized. Due to lack of technology based systems, the available agricultural workers face

difficulties in efficiently using the computer systems for managing the information in hand.

The document analysis and interview were keen to understand what kind of data was being
collected with the current methods. Then it is found that, there were several kinds of agricultural
data that were collected. The kinds includes crop production, livestock, irrigation activities and
others like land conservation issues. These data were collected and computed to generate reports
which determine the growth in the sector, used for market and other linkage service in particular
place. The agricultural data were also used as notification for abnormal and irregularity of some
cases to alert the management to take action as soon as possible. Moreover, these data were used
to track the status of farming activity, the control for pesticides and other farming chemicals

stock level and help the management to plan better to avoid stock run out.
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Literature review

Questionnaire survey

The current methods
of data collection and
reporting

Paper based and partial computerized
methods [31] [30].

Paper based methods

Time for collection
and reporting data
from remote areas to
secondary structure
(zones, regions).

There are defined frequencies of
reporting agricultural data based on
type of data and where there data is
reported. The frequencies are in terms
of weekly, monthly, quarterly and
annually [31].

1. Monthly

2. Quarterly

3. Weekly

4. Yearly

It depends on kind of reports

Kind of data collected
and reported from
remote areas to
secondary government
facilities.

production data, specifically, area of
each crop planted, the quantity
harvested, resource conservation issue,
irrigation activities, report of natural
disaster, disease report , usage of
pesticides and chemicals and etc

1. production data

2. type and quantity of crops
planted

3. agricultural related prices

4. conservation and irrigation
activity

5. agricultural stock level
information

6. livestock related data

Users of agricultural
data

Agricultural statisticians, governmental
managers and non-governmental org.
work on rural development [31].

Zonal and woredas agricultural
office and statistician at regional
and national levels.

General challenges of
data collection and
reporting systems.

1. Lack of reliable communication
infrastructure to support the transfer
of data from remote areas to
management levels.

2. Lack of data accuracy and
consistency of reporting
agricultural data.

3. Fragmentation of agricultural
information system due to un-
coordination between different
levels of parties and sectors [30]
[31].

4. The existing electronic data
collection methods are mostly SMS
based and they have limitations on
data capturing capabilities [36].

1. Low data accuracy due of the
paper based method in data
collecting.

2. Delays in reporting crucial
information to the
managerial level.

3. General lack of capacity for
data collection and
processing.

4. Poor record keeping methods
and mostly are in paper
forms

5. Problem of infrastructure
which hampers the rural
areas data collection efforts.

Table 3: Challenges of existing agricultural data collection methods in Ethiopia
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3.4  Use of Mobile Phones in Agricultural Information Systems

The dramatic advancement increment in subscriptions user of mobile technology has geared new
opportunities of improving social lives in developing countries [51]. The societies are now
becoming mobile oriented and therefore, there is an increased pressure on the efforts of
exploiting and studying this technology in improving social based services in real world. Usage
of mobile technologies in developing countries could now be able to handle many existing
problems of their gap in information. Data collection and reporting process is one of the aspects
that can be fuelled by exploiting mobile technology as enabling technology in improving the

accuracy and efficiency of the information process as whole [37].

The general benefits of exploiting smart phones or mobile technologies in agricultural system
includes assurance of quick processing of the collected and organized data, and it does not
require advanced IT infrastructure to set up. Moreover, mobile applications are usually simple in
terms of usability and can be adopted by users without any special IT skill. Finally, the financial
cost of developing mobile application is relevant and can be afforded by many organizations in
developing countries like Ethiopia. However there are also challenges in adoption of mobile
technologies such as privacy and security of the confidential data in ubiquitous networks [14]
[38].

3.4.1 Electronic based Data Collection.

There are numerous ways of collecting data from remote areas, this includes paper-based
methods and electronic based methods. Paper based methods are mostly used in low-income
regions due to limitations of resources such as electric power and IT infrastructure that could not
allow usage of electronic methods such as computer software for data collection. Despite having
many disadvantages such as lack of accuracy and time consuming, the paper based method has
been useful in conducting all kind of surveys because of its flexibility, does not require electric

power and does not require technological skills[39].

Electronic methods are sophisticated methods which are used to enable collection and storing of
data. These methods involve the use of mobile devices such as PDAs, cell phones, smartphones,

netbook, notebook, tablets computers. Electronic data collection methods offer more capability
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and efficiency compared to manual based data collection methods. The advantages of electronic
methods allows complex data management with accuracy assured, require less time to collect
and analyze large volume of data in distant; The logic of entering data can be programmed to
avoid capturing of data that will not be analyzed. Data collected through these methods can be

standardized and therefore allow easier aggregation and analysis process [39].

3.4.2 GPS enabled phones for data collection

The innovation of computer based GIS workstations and multimedia tools; in particular the
smartphones with GPS technology, now provides developers and researchers with potential
solutions to the solution of geo-spatial related data management [27]. In this light way, a number
of systems are being created, at a fraction of the cost and in a fraction of the time. An appropriate
strategy and appropriate information systems are required to generate and disseminate the
various types of land and areal information products more efficiently.

It is proposed here as a possible solution to link systems under a common umbrella or in this
proposed open source framework of this thesis and arrange them in toolboxes. Systems and tools
could be redesigned to integrate the needs and level of skills of various users. For instance GPS-
based data collection and mapping-based programs can be combined or linked to cover the
requirements of two kinds of users: 1) users analyzing and generating information who need the
capability of a full GIS to analyse multiple data layers, geo-referenced in specific co-ordinate
systems allowing them to determine location on Earth and a field’s position relative to all other
fields in the farm, kebeles, woredas, region or country; 2) many end users of information who
only need to map data and layer data for specific visualization, and perform some statistics on

one layer at a time. For these users mapping packages are sufficient [53].

Mapping is only a subset of the functionality of a GIS system. Whereas a GIS uses coordinate
systems and enables analysis on multiple data elements and variables, enabling the user to create
new layer from information in existing layers a mapping based system is for display purposes
only [54]. It will display a picture of which the location is not known. Additional modules to
integrate real-time GPS navigation capability and to import remotely data for display and
analysis can be incorporated in the GIS/map systems to enhance the capability and broaden the

scope of use of the integrated systems.
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Systems designed for site-specific agriculture will play an increasingly significant role in
addressing land productivity at field level for food production for instance [54]. There will be
important developments in light of the increasing acreage worldwide requiring dry land
management practices [51]. The challenge still remains to tackle these aspects in the context of
FAO’s future food security program [14]. With these new technologies and tools in a toolbox, it
is theoretically feasible to develop and implement useful rapid GIS for land and water
management area for instance in a very short, intensive manner. The success of the concept relies
on integrating recent advances in information technology: rapid data collection, rapid data
creation and capture via remote sensing and Global Positioning System (GPS) which mean the
geographical technology can integrate many stake holders specially for those works on land
related activity like researchers, GIS/GPS map expert and agricultural managers i.e. land and

water resources planners and Agricultural extension workers.

The rapid adoption and familiarity in using GPS capable smartphone open the door for the
implementation concept of a GIS based information systems for the sector works on agriculture

or farming and land management [14].

3.4.3 Automated Mobile Data Collection

Automated and digitized data capturing through technologies like GPS, sensors, satellites, and
remote sensing has been making data collection way easy and advance the data processing [22].
Often GPS data are collected through the same applications that frontline workers or data
collectors use for remote agricultural data collection [14]. Records are marked by location data
through a built-in or attached device. Modern smartphones and pocket cameras feature built-in
GPS devices that allow geocoded photographs to be used as part of the data collection and
reporting process, often for evidence recording purposes. GPS coordinates can also be used to
log infrastructure points, such as farm location and size, or irrigated areas. This method, along
with satellites, is especially useful for measuring changes over time. Satellites are most
commonly used to monitor land use shifts such as deforestation and water patterns [54] (for
example, forestation and deforestation, sea level rise), as well as production, such as yield output
and rate of crop growth. However, raw earth surface observation data require high levels of
analysis before they are directly interpretable or actionable information. Remote sensing

technologies such as GPS mapping allow analysis of vegetation mapping, including forest
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structure components such as crown density, crown volume, stand height, and tree density over
large areas [54]. These data can be used to estimate more complex vegetation characteristics,

crop variety, including basal area, forest biomass, and forest volume, among others.

3.4.4 Using mobile data collection as crowd-sourcing

With the advent of widespread mobile phone access, crowd sourcing for data collection is
another emerging method for data capture. Crowd-sourcing is accomplished by allowing,
requesting, and empowering rural people to send in their observations, data, or information
through their mobile devices. Crowd-sourcing is one component in wider data collection
strategies [58]. This approach can be used for many different purposes in rural development and
respond. One common use is during accidental crises and natural caused disasters. Data
collection from the general public can also be used to help forest and agricultural authorities
identify emerging trends and phenomena. Agricultural applications such as pest outbreaks are a
major area for potential use, and in the forest sector, local monitoring of the conservation process

in forests can help reduce the prevalence of illegal deforestation.

Crowd-sourcing allows individuals to contribute to the data collection process remotely, making
it more democratic and transparent [49], and also it helps authorities to target their enforcement
and prevention activities to areas of specific interest. While it has many applications, this method
of data collection is not without significant challenges. It is often difficult to attract participation
of a large enough number of people to capture adequate data needed for robust data collection. It
may require heavy investment in continuous marketing and compelling incentives for
participation [56]. One particularly essential incentive is visible and timely feedback to the
information provided; participants need to be confident that their contributions lead to action.
The utility of crowd-sourcing may also be limited by a lack of advanced phones, smartphones in
this case, that can send data over existing mobile network (of course, short message service
[SMS] can be used when simple, short messaging is all that is required), illiteracy that limits
participation, and high levels of error involved in gathering messages from uncontrolled
submitters (for example, without surveyors or frontline workers), especially when participation is

low.

31



It is essential that crowd-sourced observations are verified to ensure that deliberate or accidental
misinformation is identified, particularly in rural contexts where large numbers of participants
(compared with urban areas) are not there to provide an additional level of accuracy [49]. Last, if
law enforcement is helped by citizens’ participation can be the case especially in remotely found
forestry, it is essential that participants’ personal safety is not compromised and that information
remains truly confidential example when reporting the deforestation activity. If mobile devices
are to be used in crowd-sourced data collection, it must be taken into account that already
existing legacy mobile devices need to be supported by selected data collection system, be it
SMS or form-based. Table 4 shows the electronic data collection technologies and type of data

that can be captured.

Data collection process have been further geared by the growing and advancement of hand held
technologies that offer larger screen size, more memory and high computing speed which
facilitate capturing of data in short time compared to the time consumed by other methods.
Furthermore, the GPS technology that is nowadays integrated with smartphones gives more
opportunities of using smartphones as data collection tool. The integrated GPS functionality
allows accurate location information capturing of respondents of where the data is collected [10].
This revolution of cellular phones technologies have been championed by the emergence of
many mobile device development platforms that have attracted many developers to get involved
in developing mobile applications. There are several mobile device platforms in the market; the
available platforms include Symbian, Windows, RMI Blackberry, Apple iPhone, Linux and
Google Android mobile platforms [40]. In recent years, the Google Android platform has
attracted the development of many applications since it is the only open source platform for
mobile devices. Since it’s about investigating open source technologies that could improve

agricultural data collection process, the Google Android platform is chosen for this study.
3.5 Open Source Technologies

Open source technology is the philosophy of developing and improving software used in
different areas through open and public forums by sharing the source code [40]. The success of

open source technologies was energized by the emergence of the cloud service which has then
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increased the demand of more collaboration between software developers found in different
location [41].

Advantage of using open source technology: - According to Alfonso Fuggetta open source
technology is a promising strategy for improving maturity and quality of software development
activities [42]. Fuggetta further indicate that putting source code in a public view allows different
developers to examine the code, fix bugs, improve, and therefore make the software reliable and
stable. In the economic perspective, open source technologies are free of charge, can be modified
and redistributed without license in which the economic constraint has no impact on acquisition.
This makes open source based software economically affordable and managed with low cost
[43].

Drawback of using open source technology:-The main challenge of open source software is on
keeping track of the software versions because there are many developments taken place at the
same time. This causes open source software to be less competitive in software market compared
to proprietary software [43]. However, with standardized development frameworks such Google
project hosting service, it is easy to track versions and the changes made in each version through

centralized way of sharing source code.

3.5.1 Google Android Platform

Google Android platform is an open source software platform for mobile devices; it is composed
of operating system and open libraries that are free of charge worldwide to be used by
researchers and developers [10]. Being an open source software platform means it has a large
supporting community worldwide to improve the software and fix bugs and that has been one.
The layers are the application layer, which contain core applications such as email and SMS
program, the application framework layer, which provides standard structure for specific
operating systems, the libraries layer, which contains a set of procedures that are invoked by
applications, and the kernel Linux layer where the applications are executed [40]. Another
important feature that makes Android popular out of the others is its ability to optimize the usage

of memory.
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Figure 5: The Android development architecture [40].
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Multiple processes can run in the Android platform, each process consuming low memory [52].
This feature gives us more confidence on the suitability of this platform in data collection as
agricultural data collection forms may require more memory that could not be offered by other
platforms.

3.5.2 Open Source Frameworks used in Data Collection

There exist several open source frameworks and models that seek to improve the data collection
process. A number of data collection toolkits have been developed and released under general
public license (GPL) [32].These frameworks have a large community developer and reviewers
support worldwide that share source code and communities worldwide to improve them. In the
literature study found seven short messaging service (SMS) based and electronic form based data
collection frameworks which have been used in various scenarios of data collection. The review

of these frameworks in the following subsections.

FrontlineSMS is an open source use SMS for data gathering. It further offers other
functionalities like data visualization. This platform was developed to offer standalone SMS
oriented services to governmental and non-governmental organizations at low cost [47].The
important feature of this platform is that it does not require internet connection in collecting data.

FrontlineSMS is installed in a computer central computer to receive, store and auto-forward
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messages based on the user settings. FrontlineSMS platform can be configured to perform auto-
responding to the incoming messages based on the user defined keywords to individual clients or
to group of clients. This platform has been applied in different scenarios which involve
messaging services through cell phones, for example in medical appointments and remainders
[48].

Open Data Kit (ODK) is an open source module released under Android licensee which
facilitates digital data gathering developer to build on and compilation of data [44]. ODK was
developed purposefully to bridge the information gaps in resource-constrained regions such as
the developing region like sub-Saharan to use the advantage of mobile phones subscriptions
growth. ODK platform has two main modules, which are ODK collect and ODK aggregate.
ODK collect is the client side module, which can run in any Android device such as
smartphones, netbook, notebooks and tablet computers. ODK client forms are constructed using
the XML language. ODK aggregate is the dashboard module, which gathers all data collected
from ODK collect module. ODK aggregate can be hosted either in local server or in cloud based
central server to enable multi location data collection. ODK aggregate offers other on demand
services of manipulating data such as visualization of data in various forms and mapping the data
with locations. ODK supports data of all types including text, video, images, audio, GPS data and
barcode data [45].There are several case studies and development in which ODK has several
application areas ranging from enterprises to community level solutions, some of these
application areas are government, business, health sector and education sector and so on
[25][46].

EpiCollect is an open source software used for data collection. It facilitates collection and
visualization of data through multiple mobile smartphones. Unlike ODK that is supported by
only Android enabled devices, EpiCollect is supported by Android and iPhone smartphones.
EpiCollect can gather all kind of data types including text, audio, video, images and locations.
The important feature of EpiCollect, which make it similar to ODK, is that it is not reliant to
network availability; data can be collected offline and synchronized later to the server when there
is network connectivity is available. This feature makes data collection suitable in regions where

internet connection and power is not available [49].
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RapidSMS is the SMS-based open source data collection module that helps mobile collection
and aggregation of large data. The framework offers functionalities of capturing data through
SMS and managing data through a web interface. It supports all kind of mobile phones, which
have capability of sending and receiving text message. RapidSMS does not require any client
software to be installed in a mobile phone; it makes use of the SMS application that comes with a
device. This feature has geared RapidSMS to be used in large surveys in developing countries
such as Nigeria, Senegal, Malawi [48] and here in Ethiopia used for comment in TV show in
which where many basic phones are mostly used. RapidSMS has been used in several studies

including national surveillance, response monitoring and supply chain [50] [51].

Open X Data is totally open source data collection framework, which has been championed and
supported by the community of academic researchers and developers from various universities
across the world. Open X Data support low-end java enabled phones to collect data remotely in

low budget settings. It provides a way to visualize collected

data and manage the gathered data though a web interface. Open X Data framework has been
used in several case studies such as early warning systems and mhealth projects in developing
countries [52].

Nokia Data Gathering is the mobile data collection tool that offers functionalities of collecting
simplified minor data (textual based data). This platform has two main modules, client side
module software, which is installed in mobile phone as application, and the dashboard module
software, which is used to manage collected data. Survey forms are created from the server
software and sent to the mobile phone where data is collected. This platform support only Nokia
handsets. The key features that are found in this platform include, survey question editor that
enables creation of different kind of questions such as multiple choice, exclusive choice, text and
image. Furthermore it offers ability to trigger questions based on the responses [53].

JavaRosa is an open source mobile data collection framework that is used to speed up collection
and aggregation of field data from distant found remotely. JavaRosa is a J2ME implementation
of OpenRosa [19] specification of data collection for mobile devices. It uses GPRS connectivity
[20] protocol to send data from the mobile devices to the storage server [54].
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CHAPTER FOUR
OPEN SOURCE COMPONENTS AND MODELS

4.1  Criterion for Components Evaluation

In general, all reviewed data collection frameworks have to carry capabilities to improve the
traditional paper based methods of collecting agricultural data. The reviewed frameworks can be
evaluated in terms of type of data they can collect, handset support, and network protocol
support and data storage capability. In addition, a more detailed checklist is needed which
indicating possible variables and attributes that should be considered when selecting or preparing
to design the prototype for a proper toolset [14]. Table: shows the criteria attribute and variables
that should be considered when selecting the tool set in designing the data collection prototype

which based on open source frame work.

Considered Variables Considered Attributes

Mobile features offline/online capability, one-way or two-way sync (upload or also
download of data), form/survey updates

Data and user user roles, user groups, hierarchy of groups, access right features,

management features

backups, restore

GIS/GPS features coordinates, routes, areas, location hierarchies use of map service
providers, interfaces to GIS systems, map-based visualization features

Data reporting and . . .
visualization integral part of the solution, relies on external software

MDML, Excel, Word, CSV, Tab delimited, ODBC, Text custom, SOAP,
XML, API provided, Custom Interface, ESRI Shapefile, Google Fusion,
Exporting and importing | HTML ,

TGRS JPG, KML, GeoRSS, JSON, SOL,
PDF, TXT, PNG, RTF, Open Office, Google Docs, MS Access, MDML,
SPSS

Security in-device data encryption, database encryption, data transmission
encryption, access control mechanisms

Costs Training, support, development, license, maintenance, subscription

Business model open source with consulting, license fee, user-based subscriptions,
transaction-based subscriptions

Language support in device for forms (single or Multilanguage switch), in device for

application and website

Table 4: Criterial variables and attributes of the components for prototype development

37



4.2 Portal Environment Issues

4.2.1 Data Management and Stakeholder Access

The dashboard or portal, where collected data are stored and available for analysis, is a critical
component to a data collection effort. All applications host the data somewhere, and where they
host them along with the data manipulation features offered, the platform’s organization, and
data output affects the types of analysis, sharing, and reporting available to users. Two
fundamental options are an off-the-shelf solution that might accompany the application selected
or a customized system. Open source solutions like MySQL and PostgreSQL, as well as
solutions created by a paid developer, are good options, depending on factors like budgets and
needs [55]. The first and probably most important consideration regarding the dashboard or
portal is whether it is hosted on a local hard drive or in the cloud. In the past, many applications
were installed and hosted on one local computer [28]. This made it difficult for multiple users to

view the data at once.

Most applications now offer their services in the cloud environment or will soon do so
(FrontlineSMS, for example, is currently developing a cloud-based server) [28]. Some providers
leave the stationary or cloud option open for administrators to decide. If selecting the cloud
option, the important questions are how many people can access the data and how they will get
that access. Some providers have restrictions on the number of viewers (such as Cropster, which
only allows four users) [38]. Different applications also offer a variety of “user ship” options:
Poimapper, for example, allows one admin user to create others and assign them rights (for
example, to create forms, manage data, and view data) [38]. Data output and management are

also considerations.

Different applications can export data to a variety of analysis standard and visualization
software, and some dashboards/portals have analytical software built in. Exporting to xls, pdf,
Word doc, and csv are some of the most common analysis output options. Applications can also
export to map visualization software (if using GPS data) such as KML, Google Earth, Bing Map,
and ArcGIS online[38]. How the data will be used after they are collected should be considered

before selecting an application at portal side.
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The following table shows the options for a selection of providers, demonstrating the many
similarities in their export capacities [14]. For heavy analytical work, applications that import
and export to STATA or SPSS may save time by removing the need to transfer data from
multiple soft wares[53]. However, transferring data from one software to another is not all that
difficult with solutions like StatTransfer [23] As such, it could be argued that data formats
compatible with many others, such as CSV (comma separated value) are the formats to choose
during application selection. Some framework do offer customized solutions and are sometimes
willing to develop a new tool or process (such as exporting to a different software) if required.
Thus this area of functionality is in constant evolution. Visualization of collected data and data
representation can play a major role when using data to argue for change, which makes the use of
geographical data relevant. There are a number of spatial tools which are all open source to map
data through GPS. Spatial visualization application software’s includes KML, ArcGIS, Google
Earth, and Bing. Table: 6 show the interoperability of frameworks into the application and

dashboard directly.

Provider KML Bing OpenStreet | GOOGLE
RapidSMS 4 v

FrontlineSMS v
Open X Data v
Open Data Kit v v v
Nokia Data Gathering v v

Java Rosa v

Table 5: Spatial Visualization Tools
Dashboards or portals also have a range of additional features. Some portals allow data export to
relevant software like Excel. The ODK dashboard provides the user with basic calculations (sum,
average, min, max) for quantitative data, FrontlineSMS offers chart views for polls, and
rapidsms integrates chart-making for reports into their entire system. These features are not as
critical as other features, such as capacity to record spatial data or record data offline, but they
could save time for projects that require more rapid analytical output. A common but important

application function is “search.” Searching or organizing through indexing data in the dashboard
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(or setting parameters to do so) by date, contact, and survey question, among others, reduces the

manual data manipulating often needed for analytics.

4.2.2 Interoperability

Data exchange platform standards allow organizations to share data within their own bodies and
with external data experts and stakeholders. Although it is not a specified feature of a given
application, the level of desired interoperability or the capacity to easily transfer data and outputs
to various platform systems and dashboards should be considered, as it prevents convergence
complications problems in the future. Complications could, for example, be derived from an
attempt to aggregate data from similar data collection conducted in different regions. Without
data exchange standards and formats, governments and agencies cannot effectively share data or

add to analysis across departments.

Data collection and reporting is better to reinvented when applications use specialized software
that is non-transferable to other types. For large development organizations, like the agricultural
information system, this is highly problematic and leads to the same inefficiencies found in
simple, paper-based data collection. Not only maintaining and requiring the same data standards
critical to the sustainability of digitized processes, it also has substantial payoffs when tools can
be used or built in from other projects [26]. All new initiatives, and even ongoing ones, should
consider the interchangeable nature of their systems and attempt to make them increasingly open
to sharing and transferability [26]. FrontlineSMS, for example, uses the industry standard open-
source application, Open Data Kit (ODK), which uses (Excel) [28]. Using ODK Collect through
form hub allows users to build surveys through an Excel file, upload them onto formhub, and
download them onto enumerators’ phones, where data are then transferred to an xls-compatible
server [27]. This solution takes some learning, is free, and, importantly, maintains common
standards throughout the data collection process. It is important to note that although costs over
the lifetime of the SaaS tool usage may seem at first higher than the up-front cost of single-
provision tools (for example, an application or a database), the latter often excludes maintenance
and technical support [27]. Practitioners should therefore carefully weigh the benefits of a
bundled off-the-shelf approach against a more customized solution. Not all projects necessitate

interoperability [38]. Many organizations that have xIs forms pioneered ICT in their day to day
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activity have tried many options and are now increasingly converging their data management on

a centralized model in order to have comparable, standardized data across the organization.

4.2.3 Security

Two additional common concerns in data processing and management are viruses and data
security. While both concerns are valid, the virus-related threats appear limited as the
environment is going to build on open source framework. Viruses are more common in situations
when computers or laptops are connected to the Internet [22]. If users download items from the
Internet or their e-mail, a virus can be included. These threats should be considered and
prevented through the use of firewalls and other means if using these types of tools and the portal

environment should support this.

Data security is another main problem, most service providers have overcome by providing
hosted services on their dashboard. If data are hosted at a client’s own data center or sometimes
even stand-alone servers, the security of the whole hardware may become a concern because of
different security issues. Encryption, login passwords, and periodical backups are all used to
protect sensitive information [37]. However, in some circumstances the computer systems may
be compromised and data can be unlawfully decrypted with adequate computing resources in a
certain amount of time. Use of non-common passwords at all levels is usually a good measure to
help make this type of attack less successful. Thus the information is still only as safe as the

hardware and the physical environment it is stored in.

4.3 Client Environment

4.3.1 Language Capability
As development of prototype begins using the open source technology, there are always a variety
of concerns raised, one of which is language. Often, common languages like English, Spanish,

French, and Arabic are not useful in initiatives in rural spaces.

Technology needs to support local and indigenous languages; even if local people are not
directly reading or responding to messages in English (which are sometimes the case due to
illiteracy), enumerators who collect the data normally speak local languages like Ambharic,

Oromiffa, Tigrigna and other local language should supported in the proposed prototype frame
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work. Fortunately, many applications can master most languages. iOS products support 34
languages [60], and many applications can spend a few days to customize systems to support
specific languages. The most common restrictions to language capacity is the platform, where

data are hosted along with the data visualization and stakeholders’ access portal or dashboard.

4.3.2 Data safety

Another aspect related to data security is the data safety, the overall end-to-end system reliance
against data becoming accidentally or deliberately destroyed. This could happen simply because
of human error or because of systems or hardware failure or even loss of mobile phone or
sometimes theft. To deal with challenges related to data security and safety issue, it is important
that proper periodical backup capabilities and, if necessary, disaster recovery strategies and
procedures are in place and in active use. SMS is a feature most prone to security challenges
[29]. Technically, the SMS security is often compromised not at the mobile network level that is
used to transport the SMS messages, but at the end-user or client device usage level. For
instance, sent messages are usually stored in the device and are accessible to anyone gaining
access to it unless the device usage itself is controlled by security measures such as PIN codes.
FrontlineSMS [28], and ODK [29] service providers are maintains the best protection comes

from user care.

4.3.3 Privacy

Privacy in the context of data collection can be seen from at least two perspectives: privacy of
the data collector or enumerator and privacy of the data collected [22]. In the former, the main
concerns are protecting the identity of the party collecting the data, be it crowd-sourced or a
frontline worker. For instance, when data gathering is used to provide field information about
activities such as illegal logging or unlawful land use, it must be ensured that the information
cannot freely be linked back to the person reporting it. In case of privacy of the data, the
collected data may contain sensitive information such as personal details. Therefore proper
mechanisms must be put in place to limit or possibly prohibit access to identifiable pieces of

information in the collected data set.
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4.3.4 Data Validation

Data validation which makes sure that errors and other problems are caught and corrected is
another issue that it should be on criteria in selecting toolset for data collection. However, in
client environment, there are methods that control potential problems with errors. For example,
many applications have skip conditions (for example, if a respondent is male, and there are
questions specific to females, the collector will “skip” over the female or male-related
questions), automatic date recordings, specified ranges for numerical questions, and constraint
validation (which does not permit the user to go to the next question if blank values exist).
Applications also use built-in mechanisms to prevent numbers or letters from entering certain
spaces (by specifying the “type” of information to be entered), multivariate validation (which
prohibits implausible combinations of data) [55], and the prevention of double entries. Most
applications will not allow users to input or send data that falls outside of the specified criteria
[55]. Not all applications offer the same range of data validation tools. These are important
questions to ask providers, particularly when data are complex or sensitive. For example in ODK
Users can also define coded values, domains, or subtypes to restrict attribute data to specific
choices, helping to maintain data accuracy. Additionally, one can create and use feature
templates to streamline data creation by defining required attribute fields, default attribute data,
and default symbols. In Table 7, the mobile data collection frameworks based on the findings of
Jung [57] are compared. After comparing the features of each framework, finally the open data
kit (ODK) data collection frame work was selected for developing the proposed prototype for
remote agricultural data collection (see Chapter 6). Chapter 6 describes the development process

and the components of the proposed prototype.
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Comparison of frameworks used in data collection

Tool License Data type Handset Network Data Storage
type Collected Support Protocol
Support
RapidSMS Open source | Text(SMS) Basic Phones | GSM(SMS) Local Storage
FrontlineSMS | Open source | Text(SMS) Basic Phones | GSM(SMS) Local Storage
Open X Data | Open source | Text, Images, Java Phones GSMS(SMS), | Local Storage
Video, Audio, GPRS(WAP),
GPS Bluetooth
Open Data Kit | Open source | Text, Video, Android GPRS, Wi-Fi | Hosted
Audio, GPS, Storage
Barcodes
Nokia Data Open source | Text, Images, Nokia Phone GPRS, Wi-Fi | Local Storage
Gathering Video, Audio, | (Java enabled)
GPS
Java Rosa Open source | Limited by Java enabled GPRS Local and
headset and Phones hosted storage
network
EMIT Proprietary | Text via forms | Java enabled GPRS Hosted
Phones Storage
EpiCollect Open source | Text, Images, Android, GPRS,3G,Wi- | Hosted
GPS iPhone Fi Storage

Table 6: Comparison of data collection frameworks

Best fit environment

According to the criteria above which is essential as common user of the study result will be

front line worker and the Administration in agricultural office, ODK and EpiCollect is best fit

environment for implementation of the study. Based on comparison the frame work environment

should be more likely:

Based on the review of seven frameworks the Open Data kit framework backed with the Android
platform is best fit. The reason for this selection was motivated by the features such as unlimited
capability of capturing data of all types and openness of its source code. In budget-limited

Licence type opensource

Supported data type includes text, video,audio, gps and barcodes

Handset OS support commonly used Android OS

Supported network protocol GPRS and 3G
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settings such as in the developing world, open source technology solutions could be more

relevant. ODK has proved its capability in scenarios reviewed above.

As ODK supports the barcode and video data collection and as EpiCollect is not allow collection
of these data types which is too essential for visual based data reporting, the study will use the

ODK environmental prototype for the implementation of the study.
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CHAPTER FIVE
IMPLEMENTATION

This chapter present the proposed prototype based on the understanding from the literature
review and the scenario of how agricultural data collection and reporting systems work in the

remote rural areas.

5.1 Design of the Proposed Prototype

From the found gaps through literature review and the scenario of agricultural data reporting
system, it’s a means of motivation to design a prototype for agricultural data collection and
reporting by using open source frameworks alongside newer technologies. The aim was not only
to bridge the information gaps but also to test the newer technologies in solving community
problems. The specific target that this study attempted to hit was the collection and reporting of
agricultural data from the remote rural kebeles to the next governmental offices. This use to
bridge the information gaps between remote rural community and secondary governmental other
institutional structure to allow timing and consistency in reporting routine agricultural data.
Based on the review of seven frameworks, the Open Data kit framework backed with the
Android platform is best fit. The reason for this selection was motivated by the features such as
unlimited capability of capturing data of all types and openness of its source code. In budget-
limited settings such as in the developing world, open source technology solutions could be more

relevant. ODK has proved its capability in scenarios reviewed in chapter 4 and 5.

5.2 Requirement Specification of the Proposed Prototype

Requirement specification, which defines the requirements in a formal way to avoid problems of
ambiguities along the development process, is an invaluable part of any software engineering. In
this section of the study stakeholders, functional and non-functional requirements of the

proposed prototype are presented.
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5.2.1 Stakeholders

Identifying system stakeholders is an important aspect of the software development as it guides
the requirements engineering process [58]. In this section, the identification of the key
stakeholders of the proposed mobile based agricultural data collection in remote rural areas will
presented. The identification process was guided by the general knowledge drawn from the
agricultural office observation and literature review, which was carried in chapter 2 and the

scenario presented in chapter 4.

Agricultural data statisticians: These are the agricultural record management experts at
the woredas and above governmental offices whose duties are to track the agricultural
routine data and report to the high levels. In mobile agricultural data collection systems,
these stakeholders shall be able to collect and report the agricultural routine data through

electronic forms, which will be accessible from the mobile client software.

Managers in agricultural system: These are the decision and policy makers at the
zone, regional and national levels, and their tasks are to visualize, analyze and make

informed decisions to improve the services in this sector.

Other stakeholders: other possible stakeholders are identified during the questionnaire
survey carried in this study. The suggested stakeholders are agricultural extension
workers, veterinary doctors, agricultural researchers and government agents. However
due to the time limitation, the study could not incorporate some of these users in the
proposed prototype. Therefore, this study calls for the future work to investigate the

requirements of these users and include in future work on the prototype.

5.2.2 Functional Requirement

Functional requirements are the specific statement of service that defines how the system should
react to particular inputs and how it should behave in particular situations. In this section, these
statements of service which correspond to the requirement analysis were found from the use case

and literatures are summarized in Section 5.2 and 5.3.
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F1. The server module of the proposed prototype shall provide user friendly interfaces to

visualize and aggregate agricultural and other rural development data.

Motivation: Visualization of the gathered data in various data formats is important for
decision and policy makers. Aggregation and dynamic queries could ease the process of

analyzing data for further usage.

F2. The mobile based agricultural data collection prototype shall provide pre-designed forms to

gather data from a mobile phone at the remote rural areas.

Motivation: Usability, portability and lower power consumption or ability to store
charge for long time are the key features that qualify mobile phones in collecting data
from remote areas and where electric power is limited or not avialable. The proposed
prototype will provide a way of collecting data through mobile phones using pre-
designed forms and offer a feature to send the finalized forms to the database.

F3. The mobile based agricultural data collection client module shall provide interface to report

agricultural routine data through forms that are downloadable from the server side module of the

prototype.

Motivation: Centralizing data collection forms could enable common format of data that
need to be reported from each remote kebeles and other rural facilities. This will bridge
the gap of fragmentation in agricultural information system that was found in the
literature and survey in governmental offices. The matching of the functional
requirements and the gaps found in the literature is presented in Table 9 for gaps found.

Gap 4 is not included in Table 7 because of being in different level of abstraction.

Table 7: Matching of the functional requirements and the gaps to bridge

Gap 1l Gap2 |Gap3
F1 X
F2 X
F3 X X
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5.2.3 Non Functional Requirements

Nonfunctional requirements are the system quality related statements for both client module and
the dashbord that define the constraints on the services offered by the system [60]. In this
section, the statements that will help to understanding the pattern of the development process of

the proposed prototype is described.

Availability: The mobile based agricultural data collection prototype shall operate in Android
mobile device. A web application shall operate in any HTML enabled web browser of a
computer or mobile phone.
Motivation: Android framework and models as stated earlier is the underlying platform
that has been used to develop the proposed prototype in this study; therefore, the study
was limited to Android enabled devices and HTML browsers for web application

interfaces.

Security: The mobile based agricultural data collection prototype shall provide access to only
authorized users with username and password authentication method.
Motivation: Security is an important aspect of any information system need to give big
attention. Users of the proposed prototype will be registered in a web server and
authenticated using username and password when they want to have access to server
services such as downloading blank forms from the server and sending finalized forms to

the server.

Usability (easy to use): The mobile based agricultural data collection prototype shall be easy to
use and not require special computer skills.
Motivation: Mobile phones or smartphones are nowadays common devices and are used
by many people without any technical skills which not need higher knowledge of usage.
The proposed prototype shall be easy to use or had friendly interface as it will stand as
other mobile applications. The electronic forms will have labels to guide users on what
and where to fill data. The web application interfaces also will be user friendly and will

require simple skills in managing data.
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5.2.4 Use case diagrams

It is important to properly model the users’ characteristics requirement specification in order to
understand the roles and variation between users [59]. Use case modeling is the way of showing
how the system stakeholders will interact with the system. In this section, the system use cases

presented.

Use case diagram for agricultural and rural development data statistician

The proposed prototype for mobile agricultural data collection will allow agricultural data
statisticians to perform some activities with the collected data. Figure 7 shows how these data
statisticians will interact with the system. After login to the system, the statistician will be able to
perform several tasks such as downloading the forms from the server, fill in the forms, modify
the forms and send the completed forms to the web application. The web application manage

users authentication and validate the received forms.
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Figure 6: Use case diagram for agricultural data collector/surveyor

Data collector is frontline worker who download and uses the forms for data collection through
MBADK collect. The login and the data validation of submitted data could be tracked and
checked through Web Application at portal side.

Use case diagram for agricultural sector manager

The proposed prototype for mobile based agricultural data collection will allow managers in this
sector to perform some activities on the data that could help them to make decisions and plans.
Figure 8 shows how agricultural based services managers at the secondary governmental offices
will interact with the system. After login to the system, the responsible manager will be able to

perform the tasks such as uploading Xforms and visualize and managed data submissions.
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Agricultural

managers Web

application

Figure 7: Use case diagram for agricultural sector manager

NB: Some use case in figure 7 and figure 8 have the same names but they are not the same
actually.
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5.2.5 Class diagram

Class diagram of data acquisition form
Frontline worker or the data collectors are responsible to fill the form prepared centrally by data

statisticians according to data request. Data collector as it fill downloaded forms from dashboard

the location from which data is acquired will automatically fetched to server using the GPS

information on used mobile phone

Location
data collector -Region
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-Woreda
-name +AssignendLocation -Kebele
-locatio
0.= +acld()
+addi) +drop()
+c:l|.|:|p0 +display()
+ display(
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post harvest senvey support reqiust
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! -lssueDiscription .
-Geolocation lssuevideo -Datetime
-Datetime -Changeactivity
-lssuephoto )
-typ e ) -changearaa
-auclio
-amount -photo
-field R
-Discription
+Comfirm() :glir;zmﬂ + Confirmi)
+modify) ~ModifyQ +Arean)
+Submit | +Modify
+Display( +Submit( .
play +Display( +Sgbm|t
+Display

Figure 8: class diagram of data acquisition form at frontline module

Collected data can be expanded according to demand from higher governmental

structure. The main common data needed and aggregated are post-harvest data,

conservation issue (water, land and other conservatory activities) and need of support by

agricultural extension worker on some different day to day problems on farming activity.
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5.3 Implementation of the Prototype

In this section, the development processes the prototype and the functionality of each module of

the proposed prototype is described.

5.3.1 Tools and Design decision

In designing of the proposed prototype, first the study made decision on the technologies that

best fit to solve hindered problem in agricultural data collection. There are different technologies

that could be used to develop the prototype. The options are J2ME or Java-Android for mobile

client and PHP or JSP for administration module at portal side. However due to the fact that this

prototype developed on top of the ODK framework, the research was constrained to the

specifications of ODK in terms of implementation language and development tool kits. The

technologies that were used for development of the proposed prototype are:

1.
2.

XML for designing and formatting the electronic data collection forms.

Android software development kit (SDK) plugin for Eclipse development
environment used for creating Android executable application.

Java language for backend side of modules.

Google API for deploying and testing of the administration module.

JSP, HTML and CSS for designing the web interfaces of the web application.

5.3.2 Components of the Prototype

The proposed prototype is divided into modules and sub-modules. Figure 9 show the modules

and sub-modules.
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Figure 9: Architectural modules of the prototype

5.3.2.1 Client Module (MBADK Collect)

In the development of the client side module, the Google APIs libraries for Android and ODK
module framework were used. The ODK collect framework sources imported from the ODK
developers” community site [25] source into Eclipse IDE, then designed the custom
functionalities of getting blank forms from the web server to a mobile phone and also filling the

forms and sending the forms to the server functionality. In this study, it renamed the original
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ODK collect library resources to MBADK (Mobile Based Agricultural Data Kit) collect since

the study have added custom designs for agricultural data collection.

The prototype was tested in both Android virtual device of windows version Eclipse
programming environment and real device. The downloaded executable Android file (.apk file)
from the project folder (bin sub folder) and install it in a real Android device. In this study, for
evaluation purpose, prototype was tested in Huawei and HTC Desire Android mobile phones.
The following Figure shows the overview of the system in data collection and office

Administration analysis Module.

Administration Analysis

Data collection

(Rural Agro data collection module)

Linux Server

Figure 10: General components of MBADK System
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The components and modules used in the system are described in the following table.

Component Software
and modules Description (All open
Used in system sources)
Administration | Browser used to administer or analyze the results of a survey | Viewed in
/ Analysis in agricultural government office activities like. browser
Browser Data view, graphs and Map. e Chrome
e Firefox
fieldTask Native Android application for collecting data from Remote | Android 3.5+
(MBADK) rural Areas.
webForm Allows completion of surveys in Mobile browser and used | Viewed on
by data Collector agricultural Fields( Rural) Android based
Browser
Apache All access to the server is mediated by Apache Apache 2.4
Tomcat Used application Server for proposed system Tomcat 7
PHP Under development. PHP5
Will be used mainly for the webForms component Enketo
Postgres Open source Database for the storage map related data of Postgres 9.3
survey results and survey definitions. Postgis 2.01
Files Attachments such as pictures, videos, snap shots of report Viewed on
data are stored as files and served directly by Apache Administratio
uploaded by data collectors n Module
Server platform | Its an open source Linux server which used to deploy the Linux server
administration module component

Table 8: Components description used in the Agricultural data collection system

Data gathering forms (XML forms)

For study and test purpose, XML forms (XForms) were created which were used to collect data

from the mobile phone. For the case of this prototype, two main forms that could help to collect

data from the remote rural kebeles and farming centers and report to secondary governmental

offices (woreda, zone level) were created. The forms were farm production (quantity and type of

crop status in rural community) and veterinary based statistics (for reported livestock cases).

The terminologies used to label data elements in this Xforms were found from the sample form

reviewed in this study (see Appendix I and Appendix Il). However, the terminologies are flexible
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depending on the kind of data needed to be captured, for example, data related to irrigation and

land conservational statistics.

GPS aerial
Metadata | Custom Write

extract page XML

Web Data acquisition module

XML | Forms generation | GPS
parsing | and data access | receiving

MySql database

Dictionary
data

Data synchronization
module
Data import
Recorded
Data export E— da

Figure 11: modules for customizable XForm structure

Background
database

The data elements that were defined in Xforms were automatically created in the portal database
when the XForm was uploaded to the administration module. The Xforms were designed using
XML editors such as ODK build’[26] which offers flexible visual form design; however it may

require further manual hand coding of the form logic (the order of filling the data in a form).

The Xforms were created by the managers in this governmental sector and uploaded to the
administration module of the prototype. The agricultural statisticians then download the Xforms
through client module in a mobile phone and proceed to data collection. The filled Xforms are
then sent to the administration module where managers could visualize and process data for
management purposes such as decision and policy making. Figure shows a data collection form
pre and post harvesting used chemicals checkup through barcode
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The flexibility of the form design allows the prototype to work with various terminologies (data
elements) and allow integration data from different sources like the barcode reader that work for
product originality used as agricultural pest and chemicals in different kebles and woredas as
there is a different fake product on market used as farming inputs.

The flexibility on terminologies used in data collection forms allows easy way of setting
uniformity of data formats; and therefore, increase coordination of different levels of personnel
in agricultural information system. Therefore, the proposed prototype may be used to capture
agricultural and other rural development based data of various types depending on the demand.

rl
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Send

Figure 12: areal crop type data collection filling and drag drop FieldTask sample form.
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Form Manager

This is the main window, which contains links to perform different operations on forms. The
operations include, getting blank forms from the server, filling blank forms and sending finalized
report forms to the server. The collected data can be stored temporarily in a front liner mobile

phone and sent later to server in case of unavailability of internet connection or mobile network.

Figure 14 shows the screen shot of the form manager at portal side that will be used in a mobile

phone.

@ localhost/fieldManager/ netifications,htrnl v| @ || Q Search ﬁ E i

/ Notifications Modules ~  Forms  Monitoring  Users  Locations — Tasks
Target
survey:
Attach Web Form
Email

Email
Question

From name of email sender
Subject Email subject

Content Email content

Enabled

Close Save

Figure 13: A manager notifies form used to notify data collector menu in portal.

5.3.2.2  Administration Module (MBADK viewer)

In developing administration module, Google app engine and Linux (Ubuntu) server was used as
web server and reuse ODK aggregate framework was used to design custom functionality for

agricultural data collection.
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MBADK Server

MBADK server is web application module that provides an interfaces to manage data collection
forms which is designed using XForm for the collected data from client mobile phones. The
operations on management of data are visualization of data through maps and simple graphs,
customizable data filters that allow the generation of custom reports. Furthermore, collected data
can be exported to Comma Separated Values (CSV) format and visualized in other applications
such as MS excel [27].

Figure 15 shows a screenshot of a form management interface in MBADK server. This web
interface can be accessed through HTML web browsers. This application was tested in both
computer and phone HTML browsers. The phone HTML browser seems to have limitations on
the visualization of graphs and charts. The other options such as coding the web application
version which can be browse on mobile phone couldn’t be attempted due to time limitation and

therefore it is left for the future work.
Data visualization

The collected data can be visualized in two ways which are maps and simple graphs. Figure 16

and Figure 17 show how the data can be visualized in maps and graphs respectively.
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Figure 14: data mapping on administration module using openstreetmap.
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Figure 15: data visualization using map, graph and table.
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5.4 Hosting the Administration Module

In this study, the Google app engine was used to deploy and host MBADK viewer because it is
based on open source technologies and which is a non-functional requirement of the ODK
module. Recently Google app engine provide cloud computing [28] service that offers software
as a service (SaaS). It allows users to deploy and host web applications on Google infrastructure.
Google app engine offers free of charge building and deploying up to 10 applications per one
developer. The startup package with Google app engine is 500MB storage for all 10 applications
and 5 million hits or page views per month for free of charge [61]. In the hosting of designed
prototype, first created a Google app engine account and created application that would host the
ODK aggregate (Administration module).and locally it was deployed on Ubuntu platform with
all other components of the prototype, but the connectivity/ synchronization between portal and
of mobile application in real world need the public IP which is not tried in this thesis because

time and economic constraint

5.5 General MBADK System Prototype

The prototype has several components that work together to improve the efficiency of mobile
based agricultural data collection. The component are XML forms authoring tools, ODK
aggregate (MBADK Viewer), Mobile phone client software (ODK collect). A client module,
which is composed of mobile application to gather data, and the administration module is
composed of web application to manipulate gathered data, and form authoring tools to design
data gathering forms (XML forms). Figure 15 shows how the different components relate to each

other.
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Figure 16: MBADK system prototype

Prototype source codes

Open source software projects can be said as revolutionary process of releasing software and
open access of the source codes to the community [43]. Therefore, the customized and developed
prototype is organized the online repository to share the source codes. The source code of the
prototype was hosted in Google project hosting service with the name “Mobile-agro-Collect™ for
mobile version or “ MBADK?” for all components available on [63]
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CHAPTER SIX
EVALUATION OF THE PROTOTYPE

Under this chapter the evaluation of the developed prototype will be discussed. The overall
evaluation of the prototype was conducted through questionnaire survey. Previously Section 3.3

presented the procedures of the evaluation study.
6.1 Evaluation of the Prototype

In evaluating the designed prototype, all selected and contacted participants working in this
sector were confident in supporting the idea of introducing mobile based tools of collecting
agricultural data due to the fact that mobile devices are easy to use and affordable by everyone
working in this sector of government office. The participants said that the Android platform was
almost common as most of them were use the Samsung and Huawei smart phones which come
with Google android platform, but all farmers didn’t start using it, but it is possible to imagine it
is catching up and could take over in future because of its affordable prices. One participant said
“Android is now common enough, that it won’t be a problem for anyone to use”. And he briefs
the reason that of the interface and fast processing capability with one touch. The participants
were confident at answering yes on the usability and applicability of the proposed prototype in
data processing activities. Agricultural information systems experts who were involved in this
study reported existence of other technology based data collection systems like computer based
spreadsheet in place whuch are used to generate report from paper form but are not efficient as
most of them lack technical supports and therefore they are not commonly used. One data expert
in this sector said “Several activities have been developed and tested in different time like
preparing forms in Excel spreadsheet. They have shown high potential of improving collection

and transmission of data although they lack technical support for updates and bug fixing”.

Furthermore, as part of future improvement and real world implementation of the proposed
prototype, participants of this study suggested the involvement of more stakeholders such as
agricultural researchers at the data processing module and addition of more ways of analyzing
collected data to improve maximum utilization of agricultural data. Participants suggested the

proposed prototype to include a way of doing descriptive analysis on the reported data to
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improve the work of decision makers. Interestingly, participants were suggesting features which
were already included in the prototype such as graphs to analyze data. This assured about the
feasibility of the prototype in real scenario. In general all participants supported the idea behind
the proposed prototype and showed their hopes that the prototype is applicable and ease their
data processing. The agricultural data expert who was contacted in this study quoted saying “I
believe this application could be very useful in collecting data in remote rural kebeles and also
could save time, resources and workload”. The overall response for each question from the

questionnaire is summarized in Table 11.

QUESTION OVERALL RESPONSE

The mobile platform is designed to collect | All participants said Yes
and visualize agricultural data; Do you
think this could improve the current way
of collecting data in the remote rural

areas?

The proposed prototype offers agricultural | 1. Data filtering or query capabilities to answer specific
data mapping and simple graphs for guestions

analysis. What other features could be 2. Ability to collect additional data if required for
included in future to improve analysis specific cases or instances

process?

The proposed prototype involves only two | 1. researchers at the data processing level

main stakeholders (agricultural 2. farming technology suppliers (pesticides, fertilizers
statisticians and managers). What are and machineries)

other stakeholder do you think, should be

involved?

The proposed prototype has implemented | 1. disaster Report
two forms for capturing statistics in rural | 2. rainfall and weather related report in each remote

kebeles and tracks the fertilizers stock kebeles
level at the nearest agricultural store 3. Financial information report for both agricultural
(Agelgilot). What are the other type of production and farming inputs

reports do you think are important to be
implemented in future?

Table 9: Overall response of the questionnaire
6.2 Overall Acceptance evaluation of the prototype

The participants of this study evaluation were selected by the criteria of being an expert in
agricultural and rural development office and statistics office with the assumption that they have
some knowledge of agricultural information systems and use this concept in their day to day

activities. The priority was given to the people who had knowledge of the agricultural
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information systems. Therefore, Agricultural extension workers, statistician and managers at
woredas and zone agricultural and rural development offices and agricultural experts at regional
level were targeted. The first acceptance test was done with 12 agricultural frontline
workers(data collector at rural areas) and 6 individuals from the agricultural administration
office at zone and regional level who had experience with agricultural data processing. The
ratings are 1(poor), 2(fair), 3(good), 4(very good) and 5(excellent).

Table below shows performance evaluation by frontline expert (data collector), question and
evaluation criteria are referenced from Piette et al. [25], both tables.

Performance value
No. Criteria of Evolution 112|3|4|5| Average
1 The use of prototype_in Simplifying the method of data 5|7 46
collection and reporting

2 | Reduction of time delay in data collection and reporting 3/3|6 4.2

3 | User interaction 111]5]|5 4.1

4 | The significance of the prototype in the domain area 213|7 4.4

5 | The fines of the prototype to existing AIS 1/5|6 4.4

6 | Minimization cost for the data collection and reporting 213\|7 4.4
Total average | __4.3

Table 10: Prototype evaluation by frontline expert (data collector)
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Table below shows performance evaluation of prototype by agricultural statistics expert at
administration level (zone and regional offices)

Performance value

No. | Criteria of Evolution 1123 |4]|5 | Average

1 The use of prototype in Simplifying the method data 11548

collection and reporting

2 Reduction of time delay in data collection and reporting 24|46

3 User interaction 1114145

4 The significance of the prototype in the domain area 1 51|47

5 The fines of the prototype to existing AIS 2 4143

6 Minimization of the data collection and reporting cost 15|48
Total average | 4.6

Table 11: Prototype evaluation by agricultural statistics expert at administration
level (zone and regional offices)

As showed on table 12 and 13 the developed prototype acceptance is high when compare to work
performed previously by different scholars on health data collection like Piette et al. [25], who
was try to assert that mobile technologies for data collection in public health system. Specially
the prototype evaluation at administration level is almost rated between ‘very good’ and
‘excellent’ this imply the prototype can improve the real problem on the ground that faces the

data collection and reporting process of the agricultural sector which uses the manual method.
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CHAPTER SEVEN

CONCLUSIONS

This chapter presents the summary and conclusion of the study.
7.1  Summary

In this master thesis the use of mobile technologies for Agricultural data collection had
investigated in improving agricultural data collection and reporting systems of the remote rural
areas. Through literature review, document analysis and interview, the current data collection
and reporting methods have analyzed. Furthermore, the thesis briefly compared the mobile
technologies and the data collection open source frameworks. Requirement analysis of the
proposed prototype was elicited through literature review and the actual scenario of data
collection and the reporting process in remote rural areas of Ethiopian kebeles.

The proposed prototype focuses on collection of the statistical agricultural data, reported from
remote kebeles to secondary governmental office like zone, regional and national level. The
overall aim was to improve the agricultural information service through improved data driven
decision and policy making process. Timely and appropriate data are essential for effective
decision and policy making process [28]. The communication infrastructure in the remote areas
are not sustainable, manual reporting of agricultural data from remote kebele is difficult and lead
to delay of plans and decisions. The thesis focused on mobile technologies and open source
frameworks, which can improve data collection and reporting process. The proposed prototype
has been developed to test the applicability and usability of the available mobile and open source

technologies in improving the data collection and reporting process.

The evaluation study showed the proposed prototype seems to be applicable and can be
deploying in real environment for improving the data collection and reporting systems data from
remote rural areas. However, there is a need for further evaluation of the prototype in actual
environment and using requirements from the primary source (agricultural data experts) at all

level to model the functionalities that meet the requirements.
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7.2  General Implications of the Study Findings

The realization that mobile phone based agricultural data collection and reporting systems are
feasible in the remote rural areas has important implications for agricultural service reforms of
the nation. It has already been observed that the use of mobile phone for communication is
prevalent in recent years and that the current paper-based or manual reporting systems are not
sustainable. There is thus the need for pilot projects to adopt new models such as the prototype
proposed in this research in a controlled and experimental process in the field. This will provide

the needed data sets for the review of the prototype and for streamlining future research works.

7.3 Contribution to Previous Works

The overall contribution from this study is knowledge of how open source technology merging
with mobile technology can improve rural agricultural data collection and reporting process.
Comparing with previous work which studied the use of mobile technology such as PDAs
[49][46], OpenMRS [25] and cellular phones for data collection, this study has attempted to
evaluate and test the use of emerging mobile technology (Android) for remote data collection.
Unlike previous studies which did not draw much attention on open source technology solutions,
this study has investigated the applicability of open source technologies in improving agricultural
data reporting systems of the remote rural areas. Previous work on mobile-based remote rural
areas data collection systems has focused on capturing remote data through SMS, which has
limitation in capability of capturing data. For example, one SMS can collect only maximum of
160 text characters [36]. With the proposed prototype, one electronic form can capture unlimited
amount of all data type including text, video, audio, barcode and GPS data according to the need
of data. Furthermore, SMS based data collection systems required users to have knowledge of
the SMS format, for example leaving space between data elements which need special training
and skill. Electronic forms that have been implemented in the proposed prototype are user
friendly and can let user fill the proper data in proper input box (structured data). The data
visualization interface of the proposed prototype may help the decision makers at managerial
level to quickly access data.

The over all contribution from the proposed prototype is to serve as a blue print of the actual

implementation of the systems that could improve agricultural data collection and reporting from
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remote farming fields to secondary governmental offices like woredas, zone and regional

agricultural offices.

7.4  Limitations of the Proposed Prototype

The proposed prototype has been developed based on the requirements from current trends of
agricultural information system in Ethiopia and most used references are secondary sources such
as literature as main input; therefore it could not be deployed directly in the field or real world
rather it can be used to depict the general process of the agricultural data reporting using mobile
technology. On top of this, the proposed prototype works only on Android based mobile phones
and the current administration module has been tested to work on Google Cloud and Linux portal
environment. For the prototype to be successful perform on the field there is need for a series of

field tests and modifications that do not fall under the scope of the current master thesis.

7.5 Future Work

The results of this study are promising and encouraging, other researchers would be tempted to
extend its scope to include more aspects and develop more functional prototype using data and
specifications from the primary sources (actual stakeholders). Such works could also focus on
enhancing agricultural data visualization to improve the analysis process. For example, enable
data visualization through mobile phone screen (mobile interface for data visualization). The
agricultural data analysis process could also be improved in such a way that some of the
decisions to be automated can be based on the collected data. For example, once the fertilizers
stock level goes below certain value, the system can be triggered to provide alerts and
suggestions to the stake holders like farmers unions and office managers about how to handle the
stock run out. In addition, the future studies could look at the way different agricultural data
systems can be integrated to avoid duplication of data and maintain consistency reports. In
addition to that, future work could attempt to investigate ways of coordinating different
agricultural information systems levels to avoid fragmentation of flow of information through
centralization of agricultural data centers. Moreover, there are still rooms for investigating how
open source frameworks could enhance other agricultural and rural development management

services in the remote rural areas. For example, studies are needed to evaluate the applicability of
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different open source software packages for agricultural service management in the

governmental offices works on agriculture and rural development.

M-government is another area future study can focus. The increasing of mobile subscriptions and
mobile network coverage through all part of the nation including remote rural areas opens a new
era. Future work can investigate ways of E-government is applicable for G-C (government to
citizen) relation through mobile technology (M-government), in which this is the only solution

that E-Government is implemented in rural communities of the developing regions.
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APPENDIX I: SAMPLE FORM OF AGRICULTURAL
REPORTING

(Arsi zone agricultural office Plantation report form)
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APPENDIX Il: SAMPLE FORM OF REMOTE RURAL DATA
COLLECTION

(Water and soil conservation manual form ARSI zone)
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APPENDIX I11: QUESTIONNAIRE USED FOR QUALITATIVE
STUDY PART.

Introduction

This questionnaire is prepared by Gulelat Abebe a student undertaking Master of Information
System at Adama Science and Technology University. With the guidance of my Advisor Dr.
Tibebe Beshah, | need to conduct a qualitative study to understand challenges of remote
agricultural data collection and reporting systems in Ethiopia remote rural areas and also to
evaluate the proposed prototype for mobile based agricultural data collection. Your participation
in this research study will be highly appreciated. Your response to this questionnaire will be
treated with confidentiality. Your response is very important to me as this will lead to the final
write-up of my thesis. The questionnaire should not take too long to complete. Thank you very
much for your time. Please do not hesitate to contact me with the email below if you have any
questions concerning this questionnaire.

Regards

Gulelat Abebe

Email: gulelatabebe@gmail.com

Proposed prototype description

The prototype for mobile based agricultural data collection was designed that will serve data
collectors, decision and policy makers in their works. The proposed prototype focuses on
reporting agricultural data from remote rural areas (kebeles, farming sites and woredas
agricultural centers) to secondary governmental offices (zone, regional and national agricultural
managerial level). The focus is more on statistical data that could help managers in making
decisions and policy that is used in improving services in agricultural sector. The prototype has
been deployed in Google cloud and tested. Below are sample screenshots showing the main

functionality of the application.
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A sample screenshot of the data mapping in a web browser using openStreetmap
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Sample screenshot of the report generator at Administration level
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Electronic form for collecting data: Mobile application main menu
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Architecture of the prototype
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Questions: Multiple choice you may highlight the answers.

General questions
1. Working address (kebele, woreda and ZONE)..........ccooeieiiiiiiieiesesee e

2. Have you ever worked in agricultural sector?
a. Yesb. No
If you answered Yes, in WhiCh POSITION? .........c.coiiiiiiiiiiiic e
3. How are agricultural data collected in your area?
a. Paper methods
b. Mobile device
c. Computer software
d. I don’t know
4. To what extent is mobile technology used in your working area?
a. Wide b. Intermediate c. Low
5. Do you think mobile device applications could make agricultural data collection and reporting
process easy?
a. Yes b.No
6. Which kind of mobile phones are common to your community?
a. Smartphones. b. Cell phones. c. Both.
7. Which mobile platform do you use?
a. Android phones (Android)
b. Nokia phones (Symbian)
c. Blackberry phones (Blackberry)
d. Windows phones (Windows)
E. iPhone (10S)
f. Other phones
8. Do mobile networks cover the most part of your working area?

a. Yes b. No c. | do not know
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Evaluation of the proposed prototype
9. Is the agricultural information systems computerized in your office?
a. Yesb. No

10. What are the main challenges that face agricultural information systems in your area?

11. What kinds of data are reported from remote rural kebeles and woredas to the management

levels?
12. What is the frequency of reporting agricultural data (e.g. monthly, weekly, quarterly, yearly)?

13. How long does it take to collect and aggregate agricultural data using the current method

(eg.1 day, 1 week, and 1 month)?

14. Who are the most common users of agricultural data (e.g. market personnel, researchers,

Farmers, government)?

15. Mobile platform has been designed to collect and visualize agricultural data; do you think

this could improve the current way of collecting data from rural kebeles?

16. The proposed prototype offers agricultural data mapping and simple graphs for analysis.
What other features could be included in future to improve analysis process?

17. The proposed prototype involves only two main stakeholders (agricultural statisticians and

managers. What other stakeholders do you think should be involved?

18. The proposed prototype has implemented two forms for capturing type and quantity of crop
production in each remote kebeles and tracks fertilizers stock level at the farming center. What

other types of reports you think that are important to be implemented in future?

19. The proposed prototype has been developed in the Android platform. Do you think that this
platform is now common in your area and could be proper platform for developing community

applications?
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20. Any other comments or suggestion.
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