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Abstract
Mozambique and Cape Verde suffer from a shortage of qualified specialists with geospatial skills for agriculture
information management and precision farming.
To answer to a shortage of skilled work labor in a significant field in both countries, the NOVA Information
Management School, in partnership with Universidade de Cabo Verde, Universidade Católica de Moçambique and the
support of Esri Portugal and Trimble, conceived the AgIM Master Course.
Throughout the course, the students learn to use modern forms of positioning systems, computerized processing of maps
and tools such as GPS, GIS, remote sensing and analysis of geo-referenced data.
To ensure the project’s sustainability and to strengthen the human and institutional capacity of both partners, several
training courses are currently put into practice.
The students have the opportunity to apply the acquired knowledge in two pilot demonstration projects. This
methodology aims at multiplying the benefits of precision farming in local communities.
Keywords: geographic information systems, education, precision farming, agriculture information management

INTRODUCTION
The concept of precision farming has emerged since the 1990s in various forms, depending on the knowledge and
available technology. It is implemented in a combination between advanced information technology and full
agricultural mechanization (Tran and Nguyen 2006). Within the precision farming related technologies, there are five
key technologies: global positioning system (GPS), geographic information system (GIS), remote sensing, variable rate
technologies and analysis of georeferenced data (i.e: geostatistics) (Chartuni et al. 2007).
The integration and advances of these technologies have led to several advantages to farmers, such as overall yield
increase, efficiency improvement, reduced production costs, better decision making and reduced environmental impact
(Tran and Nguyen 2006).
The application and implementation of precision farming in developing countries is limited due to high costs and
knowledge demand. However precision farming should be regarded as essential in the development of agriculture in
these countries, even if it is used in a different form to that offered in Europe an North America (Dobermann et al.
2004).
Several proposals were designed for application of precision farming in developing countries. Ram et al. 2014 presented
the following methodology to be operationalized in India:


Creation of multidisciplinary teams involving agricultural scientists in various fields, engineers, manufacturers
and economists to study the overall scope of precision agriculture.
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Formation of farmer’s co-operatives since many of the precision agriculture tools are costly (GIS, GPS, remote
sensing, etc)



Government legislation restraining farmers using indiscriminate farm inputs and thereby causing
ecological/environmental imbalance would induce the farmer to go for alternative approach.



Pilot study should be conducted on farmer’s field to show the results of precision agriculture implementation.



Creating awareness amongst farmers about consequences of applying imbalanced doses of farm inputs like
irrigation, fertilizers, insecticides and pesticides.

In Mozambique and Cape Verde, two nations considered by the USAID as developing countries (US Aid 2012), there
was no higher education institution offering a degree in precision farming. Given the shortage of qualified professionals
with geospatial skills and the importance of agriculture to the economy of both countries, the NOVA Information
Management School (NOVA IMS) developed a consortium with Universidade Católica de Moçambique (UCM) and
Universidade de Cabo Verde (UniCV), in order to create a postgraduation and master course in agriculture information
management and precision farming in both higher education institutions, the AgIM Project.
This paper is organized in 6 sections (excluding this introduction): section 1 is focused in agriculture education in
developing countries. Section 2 is dedicated to the AgiM course and the pedagogical model. Section 3 is focused in the
geospatial tools that the students learn at the course. Section 4 adresses the academic success on the course. Section 5
presents the methodology and some results of quality assurance processes at the course. Section 6 is dedicated to the
sustainability of the project

AGRICULTURE EDUCATION IN DEVELOPING COUNTRIES
In developing countries the major source of funding and financial support for agricultural education are usually the
national or regional governments. In general higher education institutions in these countries operate by an annual budget
dependent on government funding, tuition fees and other sources of income (donations, revenue from farms in
agriculture departments, etc) (Chittoor and Mishra 2012).
The case of agriculture education is very specific due to excessive costs. Indeed it requires materials, scientific and
technical equipment, adequately equipped training and experimental farms (Chittoor and Mishra 2012). Usually the
maintenance of thse facilities is beyond the financial resources of these institutions.
According with (Chittoor and Mishra 2012), with few exceptions the institutional relationships between agriculture
teaching and research and extension are inadequate. This situation is result of separation between education, research
and extension into different ministries and agencies and weak mechanisms to link them together. This issue is linked
with one the biggest challenges that agriculture education, specially in Africa, has to surpass: providing education and
training for rural development than agriculture alone (Vandenbosch 2006). To address this issue, education and training
needs to be applied rather than only theoretical and the institutions need to incorporate the dynamics between:


Food security.



Environment: soil erosion, desertification, deforestation, environmentaly damaging agricultural practices,
water shortage, drought and climate change.



Economics: effects of globalization, trade liberalization, market deregulation and agri-business management.



Population: Impact of population growth on agriculture and natural resources, basic demography, gender issues
and HIV/AIDS impacts.



Technological and scientific progress: food processing and post-harvest technologies and biotechnology.

Another concern is the availability of teaching and learning support materials (Vandenbosch 2006). When teachers are
competent and well trained, it is often difficult to teach effectively due to the lack of learning support materials
(resource books, equipment, tools and materials) or inadequate curricula (not relevant for the needs of farmers and
labour market in general).
To address these challenges, it will be necessary to transform the agriculture education institutions from academic
isolation and become active contributors to sustainable agricultural and rural development through innovative teaching,
research and extension (Chittoor and Mishra 2012). This can be achieved through new educational strategies, innovative
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and creative leadership and institutional reforms that take into account the current trends that influence agriculture and
rural development.

THE AGIM MASTER COURSE
The AgIM (Agriculture Information Management and Precision Farming) Project, was developed in cooperation
between the NOVA IMS, as applicant institution, the Faculdade de Agricultura (UCM), the Escola Superior de Ciências
Agrárias e Ambientais (UniCV) and with the support of Esri Portugal and Trimble. The Project is financed by the
EDULINK II Program (funded from the European Comission) and the main objective was to implement a master course
programme with a curriculum based on best practices in agriculture information management and precision farming in
both partner institutions, taking into account recent advances and specific conditions for its introduction in developing
countries.
In parallel with the course, another feature of the project is the establishment of two pilot demonstration projects (one in
each country), which play a decisive role in applying the knowledge acquired throughout the curricular units. The pilot
demonstration projects are the base of a repository of practices and fieldwork in adapting and updating the methods and
techniques to the reality of both local farmers and communities. It implements a set of activities, giving students the
opportunity to learn methods of integrating precision farming and decision-making processes. As a result, it is expected
that students successfully meet the six steps defined by Kitchen et al. (2002) in the adoption and application of precision
farming:
1.

Understanding the concept of spatial data, its management and importance.

2.

Learning the use of technologies (GPS, remote sensing, etc) that contribute to the collection of data
information at low-cost.

3.

Learning GIS (geographic information systems) software.

4.

Understanding the factors that influence the extent, stability and income from agricultural activity.

5.

Conducting fieldwork to understand the causes of variability (integrating local knowledge with technical
expertise).

6.

Optimization by sampling and testing on site.

It is expected that the students will be able to do acquisition of land related information and production data and its
integration in GIS applications, classification of agricultural camps in georeferenced zones based on soil characteristics
and production potential, assessment of the specific type of suitable cultivation areas, based on the analysis of
geospatial data.
The course started in March 2014 in Mozambique and due to the differences between the academic year in
Mozambique (from January to December) and Cape Verde (from September to July), the AgIM course only started at
UniCV in September 2014. Currently the course has 28 students (from both countries) and although most of the
students have an academic background in agriculture, some have training in computer engineering, public
administration and biology.
During the first semester the students had field work classes in local communities where they acquired geographic data
(with GPS devices provided by the project), soil samplings and interviewed small producers (figure 1).

Figure 4. AgIM students and a local farmer using a GPS device
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The geographic data collected by the students will be displayed in a WebGIS at the AgIM website. A WebGIS give the
ability to think spatially and to solve real-world problems. It also can teach students to llok at issues from a local to a
global scale (Fu and Sun 2010).
The first academic year in Mozambique ended in December 2014 (and in Cape Verde in June 2014) with the
presentation of the projects developed by the students in the 2 nd semester. The students that completed all the eight
curricular units are currently preparing their dissertations for obtaining the master degree in agriculture information
management and precision farming. Currently 29 students from both institutions finished the first (curricular) year (as
of March 2016). Of these, 5 students already finished and presented the dissertations.
Between the inception of the course and January 2016, 9 teachers from NOVA IMS (and 2 local teachers) delivered 26
curricular units, 13 training courses and 6 final project presentations (figure 2) in Mozambique and Cape Verde.

Figure 5. AgIM student at a project presentation
Besides the development of a top-level master course in precision farming, the partner institutions and the students
benefit from the contribution of software and education resources related with the AgIM master programme. The
administrative and IT staff also benefit from a set of training courses, targeted to improve management and technologic
capacity.
The training courses were held in both partner institutions, with nearly 150 attendees in both partner institutions. For the
teaching staff, the following courses were organized: problem-based learning (PBL), curriculum development theories
and educational technologies. The first two courses focused on PBL methodology and curriculum development. The
educational technologies course was targeted on the organization and management of e-learning platforms with special
focus on Moodle. For the academic and management staff it was developed a course on international project
management.
The students and local agriculture technicians attended two technical training courses: the current state of the art of
precision farming and UAV AgIM. In the first course, the students received training in state of the art approaches and
methodologies and techniques used in precision farming. The second one was dedicated to UAV’s (unmanned aerial
vehicles) and its use in precision farming.
In the UAV training course, it was used a relatively affordable drone, meeting the goal of adapting precision farming in
developing countries. The students were able to use to drone to acquire aerial and multispectral imagery and area
measurement.
The main beneficiaries of the action are the local communities, consumers, commercial/agribusiness organizations,
other educational organizations, researchers/research institutions, other students, local authorities, public administration
and non-governmental organizations.
The local communities will obviously be the main beneficiaries, benefiting with the help of these technicians, they will
have a better understanding of more sustainable and profitable agricultural techniques. Thus, it is expected to create a
strategy to reduce rural poverty, improved food security and natural resource management. These improvements are
expected since the project AgIM is a pioneer in postgraduate education in precision farming and agriculture information
management in the two countries involved. In addition to the training of specialized technicians, it also will test the
adaption of precision farming technologies in small rural communities that essentially practice the activity as a means of
subsistence.
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Pedagogic Model
The AgIM Master course lasts for three semesters and comprises a number of curricular units of mandatory nature. The
course’s first semester consists on four curricular units that provide skills and knowledge considered essential to meet
the defined objectives for the program: GIS and Precision Farming, Remote Sensing and Spatial Analysis, Research
Methods and Data Acquisition. The second semester features a set of four courses with a higher level of specialization
and depth: Quantitative Methods, Precision Farming, Agriculture Information Management and, Implementation of
Precision Farming in the Community.
The objectives and curricular units’ contents aim at the acquisition of skills required for the continuation of the process
of learning and knowledge, promoting scientific research, use of techniques and adequate approaches to solve complex
problems in the field of agriculture information management and precision farming.
The third semester is dedicated to the preparation of the dissertation. Obtaining a post-graduate degree is dependent on
the achievement of credits associated with the eight curricular units in both the 1st and 2nd semesters (1st year). The
attribution of the master's degree requires, apart from approval in the curricular component of the 1st year, the
preparation of a dissertation, discussion and its approval.
The courses are taught sequentially. The beginning of a course necessarily coincides with the end of the course that
precedes it. Each course has a duration of 5 weeks (figure 3).

Figure 6. Curricular units weekly sequence
At the end of each semester, the students have to present and discuss the projects (one per curricular unit) developed
during the corresponding period. The discussion sessions are open and in addition to teachers, students and staff of the
partner institutions, NGO’s elements, citizens, local producers, among others can attend it.
The AgIM course is developed in a blended learning format, with face-to-face classes and eLearning interaction (in a
Moodle platform). According to (López-Pérez, Pérez-López, and Rodríguez-Ariza 2011), blended learning improves
students’ learning experiences by developing their capacity for reflection.
In the first week of each class the teachers have to upload the curricular units’ contents in the Moodle platform. The
second week is dedicated to the presential classes and in the last three weeks the students have to develop the final
project. One of the advantages of using a elearning method which can be more adaptive than conventional learning
(Bachari, Abelwahed, and El Adnani 2011). The platform is always available anytime and anywhere. The only schedule
that the students need to follow are the presential classes and the session of discussion of the projects developed during
the curricular units.

GEOSPATIAL TOOLS IN AgIM
The AgIM master course is deeply focused on the use of geospatial tools and its use on precision farming. From the
eight curricular units of the course, only one, Research Methods, does not have in its curriculum the use of geospatial
tools.
In the GIS and Precision Farming curricular unit, the students learn the bases of GIS and its role in the development of
precision farming. In Data Acquisition, the students gather data (with the use of GPS devices) in local agriculture fields,
that are used for the pilot demonstration projects (PDP). This curricular unit is vital for the course, due to field work
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experience, the importance of the gathered data, that is used by the students as study case in the PDP’s and in some of
the student’s dissertations.
In Remote Sensing and Spatial Analysis, the students learn the basic principles of remote sensing, identify the main
sources of geographic data for creation, edition and modelling. In Quantitiative Methods the students learn to explore
and interpolate the geographic data from Data Acquisition.
Another main curricular unit is Precision Farming, there, the students use spatial information in the design of intelligent
soil sampling and learn the importance of geoelectric sensors in the analysis of spatial variability of soil quality. In
Agriculture Information Management although the students don’t directly use geospatial tools, they learn how to create
and manage databases. In the last curricular unit, Implementation of Precision Farming in the Community, the students
learn the concept of Public Participation GIS and how to create it.
The use of geospatial tools in AgIM is implemented gradually, starting from the the concept of GIS to spatial variability
and creation of online maps. Not only the students graduate in Agriculture Information Management and Precision
Farming but also are able to become skilled GIS technicians.

ACADEMIC SUCCESS
In the AgIM Master course, although each curricular unit has its own means for evaluation during the presential classes,
it varies from work groups and presentation in class or evaluation of participation from the students, there are evaluation
elements that all curricular units follow.
The evaluation elements that all curricular unit follows are a exam at the end of the presential classes and a project to be
presented by a student or a group of students at the end of the semester. As mentioned in the previous chapter, each
course has a duration of 5 weeks, the second week corresponding to the presential classes, at the end of that week
(Monday to Friday in Mozambique and Thursday to Monday in Cape Verde) the students do an exam. During the
following weeks until the next curricular unit, the students (individually or in group) develop a project to be presented
at the end of the corresponding semester. The presentation sessions are open to public, so any local producers, local
coummunities and other teaching staff can assist it. The project is the most important evaluation element for the
students. Usually worths more than 50% of the final grade by curricular unit.
At UCM, in both editions, from a total of 23 students, only two didn’t successfully finished all the curricular units.
From these 23 students, 3 had 15 or more in the final average grade (the AgIM course follows the Portuguese grading
system, where the maximum grade is 20 and the passing grade is 10). At UniCV the second edition is currently
ongoing, but in the first edition, all the students completed with success the curricular component of the course. Two
students had 15 or more in the final average grade.
After the conclusion of the curricular component of the course (approval in all curricular units), the students with the
support of the supervisors start to develop the dissertations. As of April 2016, five students already presented their
thesis, from those 3 had a grade of 15 or more.

QUALITY ASSURANCE
There is a focus on quality assurance that is related not only with the post-graduation and master course with but also
with its sustainability. An anonymous and confidential evaluation system is implemented. This evaluation procedure is
performed every semester, for every curricular unit and is based on international quality assurance standards. In
addition to the students’ evaluations of each curricular unit, students also assess the study program at the end of each
semester. Currently all the teachers and curricular units evaluated by the students in both institutions, received good
classifications, which reflects the level of satisfaction of the students regarding the course.
The quality in the course is also evaluated through the students ratings and performances, by considering the following
methods of assessment: tests, exercises, assignments, term papers, lab reports, classroom participation, final project and
final seminar.
To create a reference master course in agriculture information management and precision farming, a special focus was
given to the accreditation and recognition by the competent authorities. Each partner institution developed a dossier that
was delivered to each country Education Ministry that subsequently recognized and gave accreditation to the course.
Twice a year, the project organizes quality assurance meetings (one in each partner institution), where the project
coordinator meets the local coordinators and quality assurance managers. There the questionnaires answered by the
sutdents in each curricular unit are analyzed. The meetings also ensures that the project activities meet or exceed the
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international standards and that the curriculum structure and content, as well as the learning/ training events are
consistent with the current state of science and technology in AgIM.

SUSTAINABILITY
The sustainability of the course is one of the main objectives of the project, in this case it is expected that the course can
continue beyond its implementation period (March 2017). To ensure the sustainability it is important to have a local
teaching staff skilled in precision farming. To achieve this, the best students of the first edition in each partner
institution were selected to support the NOVA IMS teachers in the presential classes of the second edition (16 students
were selected in these conditions). At UCM it is currently undergoing the third edition of the course, completely
organized locally, it is being managed by the local coordinator and the teaching staff is composed by students from the
first and second editions.
At institutional level, the sustainability is ensured through the organization of the training courses for academic, IT and
administrative staff, that with the skills provided by the project can try to secure adequate resources for the continuity of
the action and to increase it in winning international funding projects from major donors.
Besides the institutional level, the sustainability at environmental level is also taken in account. With implementation of
the pilot demonstration projects and the increased number of skilled professionals in the area of precision farming will
contribute tot the promotion of more targeted use of inputs and reduction of losses due to nutrient imbalances, weed
escapes, insect damage, etc. at least in a local level. The implementation of precision farming by the students and the
new professionals in local agriculture fields can also contribute to the reduction of poverty due to a improvement of the
and better management of the fields and production.

CONCLUSION
The AgIM project has a set of main objectives in order to deliver a successful and sustainable master course in
Agriculture Information Management and Precision Farming. Currently, the majority of the objectives is accomplished,
and remaining will be fulfilled at the end of the implementation period (March 2017).
As of April 2016, 19 teachers from Mozambique and Cape Verde teached in the course, three of them were already in
the starting teaching staff, the remaining 16 are students (eight from each country). Besides the qualification of the
students, the organization of training courses for academic, teaching and IT staff contributed for the improvement of the
partner institutions. 12 training courses were already delivered (there are only two courses remaining until the end of the
project). Nearly 100 students, teachers, academic staff and local producers participated in the training courses.
Both the classes and the training courses are the main contributors for the Pilot Demonstation Projects (PDP). The
PDP’s work as a training field for implementation of precision farming and its adaptation for the reality of Mozambique
and Cape Verde. There the students execute soil samplings, data collection through GPS devices (acquired by the
project and donated to the partner institutions) and use ArcGIS for compilation of geographic data. For the
improvement of data acquisition, until the end of 2016 a UAV will be donated to UniCV and UCM.
The master course is already recognized by the competent authorities in Mozambique and Cape Verde and due to its
pioneer status and the objective of adapting precision farming to the reality of the local producers in both countries, it is
expected to create a guideline to disseminate and stimulate good practices in precision farming. To support this
guideline, at least one of the partner institutions will create a conference in precision farming in developing countries.
There the students can present papers based on their dissertations and publicize their results and main conclusions.
These results will be organized and published in proceedings.
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