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Introduction
✔ Geo-data are getting larger and complex
✔ To use these data, new capabilities in processing and new skills
in analysis are needed

✔ Many of the potential users have limited access to ICT equipment
✔ Free and open-source software under the Linux Operating
System (OS) can address this gap, as they can be used in
desktop PCs, laptops and low-cost hardware such as the
RaspberryPi

Introduction

✔ We describe the effectiveness of teaching several open source
programming languages to analyze spatio-temporal data
✔ Experiences cover teaching in academic institutions, research
centres, and national or international organizations in developed
and developing countries.

Introduction
Installed Linux OS, Virtual Machine (VM) and/or LiveUSB are
used

Learning programming skills to
develop geo-spatial applications
✔ Designing and implementing complex
geo-spatial workflows require
programming skills
✔ Graduate students in env. sciences are
rarely trained in these
✔ In addition to actual problem solving,
programming skills would:
✔ Enable an interactive approach to learning:
algorithms and new ideas can be immediately
explored and tested
✔ Train the student in scientific thinking

Learning programming skills to
develop geo-spatial applications
✔ Combining expert knowledge on environmental sciences with
versed programming is difficult
✔ One must be able to:
✔ Conceptualise the problem
✔ Master abstract programming concepts and techniques to actually write
the code
✔ Assess the results and
✔ Assess the general data trend based on expertise on the actual subjects

Learning programming skills to
develop geo-spatial applications
✔ Many gradute students may have the impression that
programming is difficult to learn
✔ This may unconsciously prevent students from getting started
✔ Besides the psychological part, users may encounter problems in
learning an open-source language, including:
1) Shifting to a new OS (e.g. Linux),
2) Learning new patterns and commands,
3) Installing necessary software,
4) Software updating

Developing open source geo-spatial
programming course
✔ We began organizing intensive training courses for graduate and
postgraduate researchers and technicians
✔ Courses target those who already possess basic knowledge in
geospatial sciences
→ Focus is on applied processing with no introductory GIS/RS
lessons

Developing open source geo-spatial
programming course
✔ Primary tool in these programming courses is a standardised
Linux OS environment with:
✔ Pre-installed software packages,
✔ Readily available tutorials and
✔ Exercises

✔ Documentation and exercises are freely accessible (through wikis
www.spatial-ecology.net and www.openforis.org/wiki).

Developing open source geo-spatial
programming course
✔ Data analysis integrates multiple programming languages such
as AWK, BASH, Python, R, GRASS to build workflows
✔ Courses focus on automated processing and teach basic
programming concepts for using command-line utilities to
process large data sets.
✔ With simple scripts, we show how to:
✔ Automate necessary tasks
✔ Adapt existing programs for specific problems
...to gain higher efficiency and improved performance

✔ Scientific aspects are integrated as soon as the participants start
to use the tools to solve specific analysis tasks

Developing open source geo-spatial
programming course
Each language/tool is explained using a common
structure:
1) Syntax, including specification of various flags and options,

2) Accessing available documentation

!!!! Read the FANTASTIC manual

3) Identifying and explaining the typical problems in data
processing and the procedures to solve them (debugging)

4) Structuring a script to connect various tools and/or languages

5) Working with the output and
6) Evaluating the analysis results

Developing open source geo-spatial
programming course
✔ Providing a “ready-to-use” Linux OS including all necessary
software and course materials ensures:
1) minimum software installation effort
2) standardized working environment
3) easy portability to other computers, and
4) gentle transition from the host OS to guest OS

✔ Participants are able to create their own workspace for data and
scripts within the Linux OS VM/LiveUSB
✔ A common cloned Linux OS facilitates group problem-solving,
debugging, and testing commands during the training

Developing open source geo-spatial
programming course
✔ Selection of the teaching environment depends mainly on the
available hardware resources:
✔ If PCs with more than 4GB of memory are available, VM solutions can be
efficiently applied
✔ With older hardware and less memory, a Live system, in which the entire
OS and required software is contained in USB or CD is used

Software tools and support material
✔ In addition to commonly used geo-spatial software such as
GRASS and QGIS, we also incorporate several command-line
utilities:
✔ Open Foris Geospatial Toolkit (OFGT)
✔ Part of the FAO’s Open Foris initiative aimed at helping developing
countries assess and monitor their forest resources
✔ Includes image processing tools: radiometric normalization, image algebra,
image segmentation, classification
✔ As well as tools for change detection, extraction of image statistics, image
filtering, feature extraction and gap-filling
✔ Tools are divided into stand-alone C-programs and scripts (AWK, BASH,
Python, perl, R)
✔ Many of the stand-alone programs and scripts use GDAL/OGR libraries
and command line utilities

Software tools and support material
✔ pktools:
✔ Open source software toolbox (GPL v3)
✔ Implemented in similarly to the GDAL/OGR utilities
✔ pktools is more oriented towards remote sensing and image processing.
✔ Includes e.g. image filtering and composing multiple images according to
different rule sets
✔ Also machine learning algorithms for image classification or data
regression, including feature selection algorithms, artificial neural networks
and support vector machines

✔ After pre-processing of data with geo-spatial software, R and
various BUGS languages are used to fit statistical models and
produce summary output
✔ The use of a variety of new tools help students to understand that
the same task can be carried out in many ways

Results and discussion: course
evaluation
✔ Since 2008, more than 400 students and technicians have
participated in trainings organized by the authors of this paper
✔ Trainings took place in Italy, Spain, Denmark, Peru, Brazil,
Paraguay, Mexico, Ecuador, Uganda, the Republic of South
Sudan, UK, the Netherlands, Tanzania and the USA
✔ Background of course participants included some exposure to
GIS, RS and/or database software but the Linux OS was mainly
new

●
●

Academic institutions
National and international organizations

Results and discussion: course
evaluation
At the end of each course we asked the participants to fill in a
questionnaire divided into four main parts:
1) Student’s motivation
2) Capacity to (independently) continue to develop skills in this area
3) Utility of using the new tools for their work
4) Course organization and effectiveness

Why did you attend a course? (N=42)

Student's expectations and
interest in learning open
source geo-spatial programing
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Do you see any interest in using open source tools in your current and future job? (N=92)
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How do you rate the use of Linux OS in your daily work? (N=11)
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Results and discussion: course
evaluation
Concerning the self learning attitude:
✔ 85% of the participants felt able to independently improve and
learn more about open source tools
✔ ...in particular BASH (82%), probably due to its extensive usage
during the exercises
✔ 72% of the participants felt they were able to independently
improve their knowledge after the course
✔ 86% reported they would likely keep using the open-source
command line
→ The course was able to transmit the importance and power of
the command-line

Results and discussion: course
evaluation
✔ Concerning the suitability of OFGT and pktools to perform
different image analysis tasks, we report a positive attitude
among the course participants
✔ Finally, concerning the pedagogic issues:
✔ 78% participants felt the courses were well adapted to their needs, skills,
and knowledge
✔ 18% believed it was too difficult, and
✔ 4% found the training boring and/or too basic

Results and discussion: course
evaluation
✔ Typical drawback has been the lack of time and therefore the
participants wished to receive additional training on the subject
✔ Thus, a relatively innovative course design was tested in the
Netherlands in Dec 2013 - Jan 2014:
✔ A week of intensive face-to-face training (lectures and practicals) was
followed by a month of self-study
✔ Participants could assimilate the course contents and apply them to
datasets/problems related to their own research
✔ This put the participants in control of their own learning
✔ ... and allowed them to focus on tools and techniques directly related to
their work
✔ A second face-to-face training was organized to present specialized tools
✔ During this week, participants presented their works and obtained
feedback

Results and discussion: course
evaluation
✔ Our long term follow-up reveals that the post-training impact
depends on the institutional commitment
✔ Students working in environments unfriendly to open-source
software are less likely to adapt the tools for every-day problems
✔ One main factor being lack of software and hardware support

✔ In other environments, it seems to be relatively easy to switch
from proprietary software to open-source tools
✔ There the use of open source tools has also drastically increased among
the colleagues of our students

Conclusion
✔ Our experience shows that usage of open source geo-spatial
tools on a much broader scale could be enhanced through
increased formal course offerings as part of all geo-spatial
science curricula
✔ However, in the developing countries the situation is often
challenging due to general lack of computing and internet
infrastructure
✔ Therefore, the selection of an appropriate approach (VM/Live
OS) is a key for satisfactory user experience and a successful
course

Conclusion

We are confident that with the continuing advances in technology,
increased access to internet and the overall improvement in
available computing resources, interest in open-source tools and
computer programming will subsequently increase and, as such,
will be a very important tool in the learning about and processing
geospatial data.
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