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Abstract: As part of the Rwandan vision to transform the country into an IT literate society, Jack 
Dangermond has granted licenses for ESRI products for use in all secondary schools in 
Rwanda. This paper tracks the process for planning the introduction of GIS into the local 
curriculum, for establishing a pilot program, and for monitoring progress. We will describe 
the mechanisms for teacher training and technical support, and the peculiar demands of 
working with advanced technology in the absence of regular internet access, adequate 
hardware, and even reliable electricity. 

By conference time, this project will still be in its early stages, so this paper will be a work 
in process. 

 

Introduction 
According to Rwanda’s Vision 2020 in which ICT is expressed as the primary national goal, GIS and 
Remote Sensing technologies gain a foothold in this post-conflict but fast recovery country. As part of 
this vision, the Centre for Geographic Information Systems and Remote Sensing of the National 
University of Rwanda (CGIS-NUR) has been created to support the development of a GIS based 
education and research program at the university. The centre is working closely with the NUR 
faculties and schools to integrate GISc related courses in the different bachelor and master programs 
of study. However, its main focus is to undertake research in the various fields of GIS and remote 
sensing. As part of the mission of the university to serve the community, the centre is also seen as a 
consulting organ for GIS applications in governmental and private industry issues. 

In 2006, ESRI recognized the key role of the centre to promote the use of GIS at all levels of the 
society and how it is working to transform Rwanda not only into a IT society but also into a 
“spatially” IT literate one. The centre won a Special Achievement in GIS award at the ESRI User 
Conference 2006 and brought Jack and Laura Dangermond to Rwanda later in the year. The beauty of 
those famous Thousand Hills, each one occupied by thousands of children, gave the idea to Jack and 
Laura Dangermond to grant the software to every secondary school. 

 
Figure 1: Rwanda’s five administrative provinces, main road network and cities. 
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GIS is now going to be introduced in secondary education. It is the plan that CGIS-NUR will develop 
and carry out the integration process under the lead of the Ministry of Education. To that end a 
Memorandum of Understanding (MoU) between the National University of Rwanda and the Ministry 
is in revision. The main purpose of the MoU is to define an implementation plan to estimate the likely 
expense and to ensure that the Ministry carries on the project. In addition to the Ministry’s 
contribution, the project depends on external funds. ESRI-Germany/Switzerland offered to supply 
staff for the integration period. File servers and additional working memory on computers have to be 
funded by other donors. 

The main goal of the project is to develop capacity building at the secondary level of education. 
Bringing GIS into those secondary school’s classrooms, the ones that you can imagine being located 
on those hills covered with beans and bananas, is allowing demystifying science and technology and 
creating job opportunities. This is also about bringing GIS into the classrooms of the Kigali Institute of 
Education (KIE), whose main mission is to train the teachers, thus insuring long term sustainability. 

The Genocide of 1994 left thousands of scars in the country. Since this terrible date, Rwanda is 
working hard to re-build all aspects of society, with education being a fundamental one. Challenges 
are numerous for a land locked country with the highest population density in Africa, an agricultural 
based society and an economy with limited infrastructure and little computer knowledge. But strive is 
high, and achievements for positive changes and for becoming a hub of IT knowledge and expertise 
are numerous and great. In this context, this project is seen as a good indicator of success for the 
country. 

 

Rwandan Secondary Schools 
There are about 1’500 secondary schools in Rwanda. This reflects the fact that Rwanda, with only 
24’000 square kilometres, has the highest population density in Africa. The population is around 8 
millions with 50% of the population under age 16. 

The school year runs January through October. Secondary school covers six years, with universal 
education at lower level (forms 1 – 3) equivalent to US grades 7 through 9, and specialisation at upper 
level (forms 4 – 6; US grades 10 through 12). There are technical (e.g. electricity, mechanics, public 
works and construction), health, agriculture, accounting, teaching and scientific oriented secondary 
schools. Specialisations at upper level depend on these main orientations. The language of instruction 
is usually French, but a growing number of schools have switched to English. 

Secondary schools represent the most critical bottleneck in Rwanda’s vision of universal education. 
Only about 50% of the children complete primary school, which is publicly financed. Secondary 
schools, which are public, religious or private institutions, charge tuition – a financial barrier most 
Rwandan families find impenetrable. The educational sector long term strategy foresees 49% transfers 
from primary to secondary school in 2007 respectively 75% in 2015, and 67% transfers from 
secondary lower level to secondary upper level in 2007 respectively 42% in 2015 (Ministry of 
Education, 2007). 

In Rwanda only a handful of secondary schools have 20 or more computers. Most are older machines 
that have been refurbished and donated. They have only little working memory and if internet is 
available it is predominantly too slow for efficient use in a lesson of fifty minutes. Some schools don’t 
have electricity at all, or have frequent power outages. The Ministry is working hard to improve this 
situation. The hope is to have electricity and sufficient computers arriving as the project is rolling out.  

In addition to the computer shortage, there are few teachers who have had any exposure to information 
technology. In 2003 the Ministry of Education set up an ICT training program for secondary schools’ 
teachers. Until now about 500 teachers have completed these trainings and learnt how to write letters, 
email, calculate with tables, how to prepare presentations and they gathered basic knowledge in 
handling an access database. Meanwhile only a few schools provide lessons in ICT, because the 
curriculum is not yet available and lessons are not budgeted. In some private schools, ICT lessons are 
held either as a branch of other subjects like Maths or Physics or even as a standalone subject. 
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Frequency of these ICT lessons ranges from one to two lessons per week, held during one to all six 
forms in best case. Often teachers encounter technical roadblocks that can disrupt their efforts to bring 
ICT into the classroom. 

 

Integration of GIS at Secondary Schools 
Bringing GIS to Rwandan secondary schools thus demands a carefully reflected implementation plan. 
The successful incorporation of GIS into secondary education requires assimilation with the general 
curriculum, the teacher education, the job market and higher education at university. The 
accomplishment of sustainable teacher trainings, assistance throughout the first years at lowest 
possible cost and the implementation of the appropriate technical solution against all bottlenecks 
indicated above make it a challenging project. The following is the plan of implementation as of the 
writing of this paper. 

Snowball dispersion model 
We plan to spread GIS within the country through a snowball dispersion model. That means we start 
with only ten schools, beginning teaching of GIS in January, 2008. Two or three teachers from each 
school will receive a profound training this summer, and will be asked to train more teachers the 
following year. We hope to have each pilot school identify and support three schools each succeeding 
year. This will allow the program to expand by factor of 4 each year, i.e., 10–40–160–640. 

We also examined the implications of a more aggressive schedule, attempting to reach most schools 
within three years. The slower schedule, which will require five years to achieve that result, was 
chosen because it allows more flexibility to make adjustments during the first two years, and it avoids 
major financial commitments until the third year of the program. 

 

 

 

The selection of pilot schools for the first phase relied on several criteria like geographical distribution 
through whole Rwanda, mix of school types (public, religious and private), excellence of reputation, 
trained teachers in basic ICT, existing IT curriculum, representing both French and English language 
instruction, enthusiasm and of course technical equipment. In all five provinces, a couple of possible 

Figure 2: Dispersion of GIS 
at secondary schools until 
2009 throughout Rwanda 
expanding by factor 4 each 
year. Pilot schools are 
indicated with grey cylinders, 
orange rhombi symbolize 
succeeding schools that will 
be trained by pilot school 
teachers. 
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pilot schools, which were chosen from lists of schools having internet access, computers and teachers 
trained in ICT, were visited. It was even hard to find schools suitable to these three criteria. The 
visited schools then filled out a technical equipment form about the number of working computers, 
working memory (RAM), processor, available hardware memory, internet connection, switch, 
existence of file server, existence of a private generator for stable electrical supply and existence of a 
projector. These equipment forms and a short description of each school have been presented to the 
Ministry to legitimate the pilot schools selection. There are now ten secondary schools, one to three 
per province, from all school types, representing universal education and technical, agricultural and 
scientific specialisation at upper level. The schools differ a lot in social and financial environment. 
This enhances a broad acceptance from succeeding schools that are going to be trained by the pilot 
ones. 

  

Figures 3 and 4: Students at a technical oriented school in Gitarama (Mark O’Kane, 2007); classroom 
infrastructure at the pilot school in Nyanza (Stefan Kappeler, 2007). 

Teacher training 
Experience with the adoption of GIS in other countries has proven the critical nature of thorough 
training for teachers (Kerski 2003). Therefore teacher training is split into two constitutive courses of 
three respectively two days with a pause of about one month in between. For most effective results 
there’ll be only six teachers attending a class. The timeframe plans the basic course to take place in 
June and the advanced course in the beginning of August 2007. 

The basic education course includes an introduction into GIS concepts, into the ArcGIS desktop 
applications ArcCatalog, ArcMap and ArcToolbox and into the desktop help and other utilities. 
Teachers will learn skills like digitizing and editing, creating maps and they will accomplish basic 
exercises in spatial analysis; they will learn asking specific spatial questions that can be answered by 
using GIS; they will be provided with materials to follow-up after the course. In the advanced 
education course, the training will go deeper and teachers will gain knowledge of different data types, 
learn to prepare data from external sources for use in GIS, to collect GPS data; create choropleth maps, 
symbols and diagrams; accomplish advanced spatial analysis and data management exercises. The 
teachers will be introduced to other ArcGIS desktop applications (ArcScene, ArcGlobe) and to ArcGIS 
Explorer; again they will be provided with materials to follow-up and repeat after the course. The 
courses will be based mainly on ESRI resources (ESRI Inc. 2007; Malone, L. et al. 2002) and a Swiss 
textbook (Treyer, R. et al. 2006). 

When the GIS education courses are completed, all teachers come together again in autumn for a 
workshop on teaching materials and lesson planning. During the workshop, lessons will be developed 
based on the Swiss textbook but also on other resources using an inquiry approach. Teachers will learn 
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about further data resources and the GLOBE (Global Learning and Observations to Benefit the 
Environment) program upcoming in Rwanda (GLOBE 2007). Expert work groups will be formed to 
gather ideas how GIS can help meet the specific curricular goals as Kerski (2006) recommends. 
Teachers from technical oriented schools e.g. will work out the quite technical use of GIS in 
vocational education. Since Rwanda is in process to have a countrywide cadastre, these schools could 
possibly head towards education for GPS survey and digitizing cadastral data, for infrastructure 
analysis (e.g. road network, cable network, health and educational facilities) and map production. They 
could try to put their results on the market and serve the communities and private enterprises. In the 
end of the workshop, there will be defined guidelines and materials that can be followed through the 
first year of implementation in 2008. 

This workshop represents an important milestone in the pilot phase of the whole project. Teachers 
should leave this workshop well prepared, capable and motivated to bring GIS into the classroom. 
They will be aware of the competencies that GIS can foster, like identifying resources, working in a 
team, using information and understanding complex and changing inter relationships (U.S. Dept. of 
Labor 1991) and know how to incorporate GIS into their teaching schedule. 

GIS education at Kigali Institute of Education 
We consider that adding GIS to the school program will not be sustainable without specific actions to 
provide future education. One initiative being explored is to incorporate GIS training into the 
education of future teachers. In Rwanda, the institution of higher education that trains most of 
Rwanda’s teachers is the Kigali Institute of Education (KIE). It is proposed creating a certificate 
program, to be granted by KIE, co-developed by KIE and CGIS-NUR. It will be possible to grant a 
“GIS for Educators” credential to new teachers who complete a set of classes. These may be taught via 
short courses or full semester programs. Course contents will range from GIS, remote sensing and 
raster data, GPS to educational standards. Courses cover theoretical concepts, exercises and pedagogic 
approaches. There should also be opportunities to match certificate participants with schools in the 
GIS program to provide relevant student teaching experience. 

A parallel initiative is to work with the National Curriculum Development Centre (NCDC), an agency 
of the Ministry of Education. It is hoped to add GIS constructs to the national standards, and to define 
the place of spatial reasoning, programming constructs, and geographic information science in the 
secondary schools. Over time, this should lead to formal measurement processes and to a better 
understanding of the role of GIS across the curriculum. 

Technical solution 
Due to the ICT Vision 2020, Rwanda shows a fast growing telecommunication industry. The Ministry 
of Infrastructure, NGOs, World Bank projects and private investors lay out information technology in 
several sectors. The ICT curriculum for schools is under construction and the Ministry of Education 
considers delivering more equipment for use at school. The Ministry, together with Terracom, one of 
the major telecommunication companies operating in Rwanda, is bringing internet to all secondary 
schools until the end of this year. Based on this promising future, the project could be well enough 
supported to set up a modern GIS using ArcGIS server technology. It is the idea, that national 
topographical data will be stored on a centrally located server. For the first phase, it will be hosted and 
administered at the CGIS-NUR DemoCentre in Kigali. For the following years, it should be evaluated 
where and how to best transfer this responsibility. 

Students will be able to download data depending on the purpose of use. If they only need a data layer 
as background information within a map project, the data must not be downloaded and it can be 
displayed directly from the server. If students want to edit, they will have to check out the data from 
the server. However, there won’t be any possibility to check in edited or collected data. Nonetheless, 
to ensure that students can share collected local information, two scenarios are possible: 

 First scenario: Students edit data locally, then write metadata and post it on the server in the 
metadata catalogue where all data is carefully listed and changes are followed-up. Via the added 
contact information schools can exchange data and exercises as hardware copies on demand. 
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 In the second scenario, there are scheduled data uploads at staggered intervals so that schools 
don’t overburden the restricted bandwidth. For this scenario periodic quality checks and rules for 
data upload will be needed. However, this solution will depend on the quality of internet 
connection. The Ministry therefore has been asked to provide high speed internet access to all 
pilot schools until the end of the year. 

Counting on high speed availability, the plan is to use ArcGIS Explorer and online data resources for 
use in lessons and definitely students will work with ArcView 9.2 in the first two years. Some 
centrally located and capable schools could also receive an ArcEditor 9.2 license and can then handle 
multi-user editing tasks for schools in the neighbourhood. 

At the time of writing the technical concept is in progress and will be deployed in autumn of this year. 
The software installation at schools will be done through CGIS-NUR staff that is going to be 
responsible also for further technical support. 

Evaluation and further assistance 
After teachers will have been trained thoroughly, the pilot schools will receive printed versions of the 
textbook with adapted Rwandan examples. Follow-up visits with an external supervisor will be 
necessary to assess school’s readiness, to make any needed adjustments and review further steps to 
take in November and the following year. After some months of teaching GIS at schools, progress 
evaluation meetings with the Ministry of Education and the CGIS-NUR will be organised to identify 
and quantify benefits, to explore new ideas and correct problems. A GIS Evaluation Day could be 
arranged between April and June 2008. All pilot school teachers would be invited to join for a 
comprehensive exchange of thoughts, ideas and problems and possible solutions. If the budget allows, 
there will also be opportunities for students to participate in competitions to advance student’s 
enthusiasm for GIS. 

Based on observation of K12 GIS efforts in the U.S. (Kerski 2003), a responsive support system for 
teachers who are involved in this program must be provided. This will take the form of a helpline, so 
teachers can seek technical guidance via email or telephone, a service that CGIS-NUR staff will 
provide. It will be used also to monitor and help identify unmet needs and to sharpen the teacher 
training program. For some schools, there are also local GIS practitioners who can work with the 
school staff. 

Future issues in the project will concern deepening GIS education with teachers involved from the 
beginning but also extending the program into other disciplines. There is the ongoing question to 
gather more Rwandan and African data. And the project has plans to form a GIS Educator Community 
that can be responsible for developing new materials, setting up summer camps and starting discussion 
forums in kind of mutual assistance. It is the idea to construct a community website and perhaps some 
when also an e-learning portal to provide GIS lessons online. 

 

Conclusion – Children of the Vision 2020 
Introducing GIS to Rwandan secondary schools adopts Rwanda’s general endeavour for becoming an 
IT centre of excellence. This project is not only building capacity but it is also creating future job 
fields for Rwanda’s youth. Spreading of GIS throughout the country implies that all types of secondary 
schools, at all levels and with different IT experience will be involved. There will be appropriate 
solutions for use of GIS at all schools, whether it is a technical, scientific, health or agriculture 
oriented school. To reach this goal, all parties, that means school directors, teachers, the Kigali 
Institute of Education, the National Curriculum Development Centre and the Ministry of Education, 
are included in the process of implementation. This enhances the acceptance, motivation and thus the 
sustainability of this project. The project starts small with ten schools teaching GIS in 2008 and will 
then continuously disperse under ongoing evaluation in order to react and improve the program where 
necessary. Teachers will be given profound trainings and will start teaching GIS with co-developed 
materials to facilitate the use of GIS within their regular teaching schedule. The CGIS-NUR will 
render close assistance and will provide technical support during the integration process. 
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Counting on the fast developing ICT sector in Rwanda, it is the idea to deploy modern GIS 
technologies using ArcGIS Server, ArcGIS Explorer and ArcGIS ArcView. Students will be able to 
overlay national topographical data with locally collected data and to jointly exchange their data, 
results and exercises to open up broader perspectives. This must not be limited to Rwandan schools, in 
fact it is a superior goal to connect Rwandan students to students all over the world synchronising their 
expertise. 

More than the technology solution, this initiative is to create spatial knowledge and reasoning for the 
children. Students will learn how to collect data in their close environment for specific localized 
problems, and how those data transform into useful information for decision making. They will be able 
to witness and assess indeed the power of technology, but also the importance of a good understanding 
of the inter relationships between nature and human beings and its impacts. Thus, the project hopes to 
contribute to more responsible citizens toward “Mother Earth” and for the continuous development of 
Rwanda. 
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