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Abstract. This study provides a comparative review of GISc education at African and Latin American universities. We present the results of a desktop study of the websites of 591 African and 876 Latin American universities. We searched for modules and degree programmes in geographic information systems (GIS), GISc, geoinformatics, geomatics and remote sensing. Results indicate that there are overall more universities and more universities per country in Latin America than in Africa, but percentage wise more African universities offer GISc education. Overall, there is one university with GISc education for every 6 million people in Africa, and one for every 3.6 million in Latin America. The study casts significant doubt whether the demand for GISc in tertiary education is currently being met by local universities in Africa and Latin America. More in depth studies are required to evaluate the actual spatial patterns of demand and supply for GISc education, both currently, and as a propspective study for future demand.
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Introduction
The world is facing many global challenges: climate change, food security disease control and humanitarian assistance after disasters, to name a few. Latin America and Africa host some of the poorest countries in the world but are rich in natural resources, have fast growing populations and many emerging national economies. The need for spatial planning and management in such a changing environment is vital and calls for an educated workforce that can identify and build solutions based on geographic information science (GISc).
The South American continent covers an area of more than 17 million km2 (7 million miles2), approximately 12 % of the earth’s surface. It is divided into 12 independent countries with a total population of approximately 385 million people. The largest country, Brazil, also has the largest population. Africa is the second most populous continent (after Asia) with an estimated population of 1.1 billion. It spans more than 30 million km2 (11.6 million miles2) and makes up approximately 20% of the earth’s surface. The country with the biggest population in Africa is Nigeria (Wikipedia 2014).
This study aims to quantitatively compare GISc education offered at universities in Africa and Latin America. To our knowledge such a study has not been done before. The results of a desktop study of 591 African and 876 Latin American university websites are presented and discussed.
The remainder of the paper is structured as follows: in section 2 we provide background on GISc education and related studies; in section 3 we describe how the desktop study was conducted; results are presented in section 4, followed by a discussion of the results in section 5, and in section 6 we conclude with the implications of our findings for the future of GISc education on the two continents.
Background
Tertiary GISc Education in Africa and Latin America
Geographic information systems (GIS) emerged in the 1960s. By the 1980s, authors wrote about ‘computerised geographic information systems, also referred to as ‘digital cartography’ (Goodchild 1988, Tomlinson 1988). Early GIS products were used to capture, store, display, manipulate and analyse geographic information on desktop personal computers (PCs). Technological developments and widely available geographic information have expanded the scope and complexity of GIS. As GIS evolved, the science behind it also evolved and today GIS are one of many components of geographic information science (GISc). 
Students can be taught how to use GIS as a tool in other disciplines, such as environmental science, civil engineering and geology, or students can be  educated in the science underlying GIS, preparing them for a career as professionals, scientists or researchers in GISc specifically. Both forms of education are important for society to benefit from the use of geographic information. Buzai (2010) argues that critical constructive vision in GISc education should be emphasized so that applications (in Latin America) can be oriented towards diagnosing and understanding realities, as well as generating, evaluating and planning future scenarios and courses of action that support decision-making.
The use of geospatial technologies in Latin America started in the early 1970s with two efforts: firstly, the capacity building of geographic mapping agency personnel from Latin American countries at the United States Army School of the Americas (USARSA) in Fort Clayton, Panama Canal, and secondly, in 1974 the Chilean state agency CIREN-CORFO (Information Center for Natural Resources – Corporation for the Promotion of Production) acquired digital cartography equipment and software for crop monitoring, agricultural policy making and funding. Shortly after that, a consulting company was hired to find the best location for a coal mining city in Venezuela, for which GIS was used. Since then, there has been a steady growth in the use of geospatial technologies in Latin American countries, especially, in Brazil, Colombia, and Argentina (Lyew 2010). Early adoption has been followed by sustained growth. The uptake of geospatial technologies in Latin America in the last ten years has been similar to that in other countries worldwide (Roy 2010). 
Latin America is rich in natural resources and early applications of geospatial technologies focused on the management of these resources. Today, the bulk of GIS users are still in the field of natural resources. In the second half of the 1980s forestry companies started using GIS, most prominently in Chile. In the first half of the 1990s there was a diversification in the use of GIS, extending to other areas like utilities and transportation. Today, geospatial technologies are widely used in the public and private sectors alike (Lyew 2010). However, experts are of the opinion that manpower availability is variable and insufficient: availability is sufficient for low and medium levels, but the scarcity in skills is more pronounced at higher levels (Roy 2010).  
Initially, GIS was mainly used in environmental applications in Africa; its use in public utilities and for socio-economic analysis followed later (Schwabe 2001). South Africa’s national mapping agency was one of the early adopters of GIS in the country and on the continent (e.g. the 1994 Reader’s Digest Illustrated Atlas of Southern Africa was produced from digital data). A 2012 desktop study suggested that Africa does not have the tertiary GISc education capacity to meet its current and future challenges. Distance-learning programmes and overseas scholarships extend the continent’s GISc education capacity, but have their drawbacks (Coetzee and Eksteen 2012). A 2003 report from Botswana states that GIS is used as mapping tool instead of supporting political, economical and social decision making for sustainable development in the country. Often foreign professionals are employed by governments, without local counterparts and without effective mechanisms for the transfer of skills and knowledge. The authors identified education as one of the key areas to improve this situation (Cavric et al. 2003). In other sources from various regions in Africa, educational capacity for building local expertise and a professional community is emphasized (Ikhuoria 1999, LeDrew 2011, Okafor 2011).
There are positive reports about GISc education capacity building in a number of African countries (Zietsman 2002, Schilling et al. 2005, Okafor 2011). Tapsoba (2011) points out that higher education in Africa is rapidly changing, showing positive trends. Even though African universities are not well represented in international university rankings, admission requirements and procedures are rigorous and African graduates win places at universities in Europe and the US.
Similar Studies
A 1996 survey assessed the status of digital mapping and GIS education in some developing countries of Africa, Latin America, Middle East and Eastern Europe. Most developing countries did not have higher degree training programmes in digital remote sensing and digital cartography (Ayeni 1996). 
A 2008 study describes the dire situation of Earth science education in Africa (Schlueter and Davies 2008). In classic mining countries, such as South Africa, for a population of about 50 million there were at least 13 universities with Earth science departments, ranked quite highly in international rankings. At the other end of the scale, some of the smaller countries provide no Earth science education at all. Somewhere in-between are countries with a good number of Earth science departments, sometimes with highly skilled people but poorly equipped. Political instability contributed to the deterioration of Earth science departments in others. Schlueter and Davies (2008) recommended specialisation in GIS and remote sensing to be included in tertiary Earth science curricula. 
Kerski et al (2013) analyzed the status of GIS in schools in thirty-three countries and proposed recommendations for advancing the implementation and effectiveness of GIS in secondary education from an international perspective. The study revealed that the global landscape of GIS remains small for secondary education; however, the convergence of citizen science, emphasis on spatial thinking, mobile devices, open data, and Web-based map services could lead to a significant increase in future. The latter also applies to tertiary GISc education. 
To our knowledge a desktop review of university websites, or similar method, aimed at analysing GISc tertiary education capacity in Africa and Latin America, has not recently been undertaken. The findings of our study are relevant to educators and researchers in Africa, Latin America and beyond.
Methodology
For this desktop study a list of 591 universities in Africa and 876 universities in Latin America was compiled from the 4 International Colleges & Universities directory at http://www.4icu.org. According to this directory, South America hosts approximately 1,293 universities. Due to time constraints, only a subset was reviewed, focusing on the bigger countries with many universities, namely, Argentina, Brazil, Chile, Colombia, Costa Rica, Mexico and Puerto Rico. The 4icu.org directory is an international higher education search engine and directory. The directory includes higher education organizations that are officially recognised, licensed or accredited by national or regional bodies; are officially entitled to grant four-year undergraduate degrees and/or postgraduate degrees; and provide traditional face-to-face learning facilities, programs and courses. Two-year degree granting institutions and distance learning-only institutions are not included. Institutional profiles are updated free of charge based on three unbiased and independent web metrics extracted from three different search engines. The 4icu.org ranking provides an approximate popularity ranking of institutions based upon the popularity of their websites. The ranking does not consider institutions or their programs by the quality of education or level of services provided. 
The keywords listed in Table 1 were used to search for modules and degrees on the university websites. The website information was in English, Portuguese, Spanish, Arabic and French. If we could find information about such universities from other sources, the information was added.
A keyword search that produced information about a degree or module was recorded positively (without verifying course content). A limitation of the methodology is that it does not identify modules or degrees that do not include at least one of the keywords in their name. That should however not make a meaningful difference to the overall trend, as the results are to be interpreted holistically as indicators or trends and not individually by university or country. 

	English
	Portuguese
	Spanish
	Arabic
	French

	GIS
	SIG
	SIG
	نظم المعلومات الجغرافية
	SIG

	geographic information system
	sistemas de informação  geográfica
	sistema de información geografica
	نظام المعلومات الجغرافية
	système d'information géographique

	remote sensing
	sensoriamento remoto
detecção remota
teledetecção
	percepción remota
teledetección
deteccion remota
	الاستشعار عن بعد
	télédétection

	geomatics
	geomática
	geomática
	الجيوماتكس
	géomatique

	geoinformatics
	geoinformática
	geoinformática
	المعلومات الجغرافية
	la géomatique

	geographic
	geográfica
	geográfica
	الجغرافية
	géographique


Table 1: GISc related keywords used in the website review
In the case of Doctoral and Masters studies, the information was in some cases obtained through implication based on the research interests of the staff members. The latter method could lead to omissions in the data; results about postgraduate offerings should be interepreted accordingly. Final results were summarized by country and classification maps were generated to visualise the results. The results for Africa and Latin America are compared and discussed to evaluate the availability of tertiary GISc education in the two regions. 
A website study has the obvious limitation that any information not readily available on a website is not included. In addition, many websites did not have a search function and if they had, the search was limited to news items. Clearly, many of the African and Latin American universities need to improve their websites. While local students, especially in smaller (island) countries, might well be informed through other media about the universities in their countries, it is impossible to attract international students or attention without a website. 
We addressed the website limitations by distinguishing between universities without a website and universities where information about modules or degrees was not found on the website; in addition, where we had access to additional information from other sources, this was included. Despite the limitations of a website study, we believe that the study produced interesting results which would have been otherwise too expensive and time consuming. It also gives some indication of which programs may be best positioned to be most recognizeable internationally, since having an internet prescence raises awareness of program availability.
Results 
Overview of universities in Africa and Latin America
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Figure 1. Number of educational institutions per country in Africa (Source: 4icu.org 2014)
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Figure 2. Number of educational institutions per country in Latin America (Sources: 4icu.org 2014)
The number of universities per country is higher and the ratio between a country’s population and the number of universities in that country is lower in Latin America than in Africa, i.e. there are overall more universities in Latin America and there are also more universities per number of people. Refer to Figures 1 to 4. Some countries do not have a single university website listed in the 4icu.org directory, namely Martinique in Latin America, and Djibouti, Equatorial Guinea, Mali, Western Sahara, Gambia, Guinea-Bissau, Guinea in Africa. Except for Mali and Guinea, the population in these countries is estimated to be below 1,700,000 (Wikipedia 2014). 
[image: ]The statistics in Figures 1 to 4 give an indication of availability of tertiary indication generally, but they do not consider the size of universities: in one country a smaller number of universities may have more students enrolled than a larger number of universities in a different country. Unfortunately, enrolment figures are not readily available. 








Figure 3. Population/university ratio per country in Africa (Sources: 4icu.org 2014, Wikipedia 2014)
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Figure 4. Population/university ratio per country in Latin America (Sources: 4icu.org 2014, Wikipedia 2014)
University rankings, such as the Times Higher Education (THE) World University Rankings and the Academic Ranking of World Universities (ARWU 2014), provide some insight into the quality of universities. THE rankings consider teaching, research, research influence, innovation and international outlook. The top African university (University of Cape Town) is ranked 126th, while the top Latin American university (University of São Paulo) falls into the 226-250 range (THE 2014). In the ARWU rankings their positions are reversed: the University of São Paulo is in the 101-150 range and the University of Cape Town in the 201-300 range (ARWU 2014). ARWU indicators include, amongst others, the number of alumni and staff winning Nobel Prizes and Fields Medals, number of highly cited researchers selected by Thomson Reuters, and number of articles indexed in Science Citation Index - Expanded and Social Sciences Citation Index.
Website results
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Figure 5. African universities whose websites indicated GIS-related modules and/or degrees at undergraduate and/or postgraduate level
Results collected for African universities show that Egypt, Nigeria and South Africa each have at least 15 universities where GISc education is offered (see Figure 5). The prevalence of GISc education seems to be stronger in former British colonies than other countries. It was also observed that GISc education is presented primarily in Geography degrees and in the Humanity or Social Science Faculties. 
According to the search on Latin American university websites, Brazil, Argentina and Mexico have at least 15 universities where GISc education is offered (see Figure 6). In Africa, 34% of the reviewed universities offered some form of GISc education; this figure is much lower in Latin America (12%). For remote sensing, the figures are 24% (Africa) and 6% (Brazil) respectively. The lower percentages in Latin America can be partially attributed to the larger number of universities per country in Latin America (see also Figures 1 to 4). In Africa, there is on average one university with GISc education for every 6 million people. In Latin America, in the reviewed subset of countries, there is one university with GISc education for every 3,6 million people. 
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Figure 6. Latin American universities whose websites indicated GIS-related modules and/or degrees at undergraduate and/or postgraduate level
Discussion
In this study a review of GISc education at African and Latin American universities was presented. Quantitative results show that there are more universities in total and more universities per country in Latin America than in Africa, but percentage wise more African universities offer GISc education. Overall, there is one university with GISc education for every 6 million people in Africa, and one for every 3.6 million in the Latin America included in the search for this article (the ratio for all countries might be different). 
Experts report that GISc education is picking up in Latin America, but unfortunately, not yet as widely spread to satisfy the demand for qualified manpower by the industry. The number of industries that are employing workers with GISc skills and the range of applications to benefit society is on the rise in the region (Solís, 2011).  
To obtain such degrees, many students need to study abroad. Several universities from Mexico and Argentina are implementing graduate courses, very few at a postgraduate level. Cooperation with European, Canadian and American universities is common, especially through sabbatical programs. Countries with enough critical mass in manpower are also the larger countries, like Brazil, Mexico, Argentina, Colombia, Chile, and Venezuela. But this is a very general statement, small countries like Costa Rica, Uruguay and Ecuador also present a great potential (Lyew 2010).
African academics report that scholarships from Europe and the US, attract many students to complete a Masters degree without having to pay any tuition fees. These opportunities increase the continent’s GISc education capacity. However, the sad truth is that not all students return to their home countries after completing their studies abroad (Coetzee and Eksteen 2012). Distance-learning programmes, such as those offered by UNIGIS and the University of South Africa (UNISA), also increase Africa’s GISc education capacity, despite their drawbacks (Breetzke 2007).
In a recent survey of the South African GISc community, 18% of respondents had a Masters in GISc or equivalent (Coetzee et al. 2014). The situation in other African countries is likely to be similar or even worse (i.e. fewer people with a Masters). In contrast, in a European survey aiming to assess the current and future workforce demand and educational supply in the geographic information domain a third of the respondents hold a Masters degree in geographic information science and technology (Hofer et al. 2014). In a joint 2013 survey of Geography in the Americas by the Association of American Geographers (AAG), the International Geographical Union (IGU) and the Pan-American Institute for Geography and History (PAIGH), 41% of respondents hold a Masters degree (not necessarily in GISc) (www.aag.org/americasmap). Proposals by Schlueter and Davies (2008) to improve Earth science education capacity in Africa apply equally well to GISc, for example, they propose initiatives to increase the number of home-grown PhDs, establishing regional networks and modernising curricula. 
Internationalization has become a priority for both government and higher education. Organizations such as the Organisation for Economic Co-operation and Development (OECD) understand that the “talent-catching and knowledge-producing capacity of higher education has become a vital sign of a country’s capacity to participate in world science and the global economy” (Hazelkorn 2009). Moreover, student mobility is one of the main forms of internationalization and countries with high levels of international students benefit from the contribution they make to domestic research and development, while those with low numbers find it ‘more difficult to capitalize on this external contribution to domestic human capital production’ (OECD 2007). 
In Latin America, international collaboration in research and education for geography and GIS programs is strong, indicating dimensions of mobility that are both virtual and on-site (Solís, et al. 2009). For example, institutions such as CEPEIGE in Ecuador have long offered online support to education in GIS topics, though not offering degrees. Similarly, many students and professionals from Africa and Latin America are enrolled for UNIGIS postgraduate online courses in GIS (UNIGIS International 2014). Current trends towards global massive open online courses (MOOC) will only complicate our understanding of the dynamic landscape of offerings in particular regions.
Beyond measuring the presence of GIS programs, there is a pressing analytical necessity to map offerings with demand in the region. Given the job growth in this sector, there is a need to multiply the geospatial workforce at various levels, from technical to advanced, without replacing existing institutional mechanisms, filling in gaps and niches that vary across sectors and application areas. This should be articulated across research, studies, education, and capacity building together with strategic plans at the national and international levels. While challenging, doing so would address the need to achieve continuity in university programs around capacity and knowledge in GISc, and to enhance individual as well as institutional capacity in public and academic sectors. 
For both Africa and Latin America, where governmental change in leadership can often imply loss of a mass of technical capability in public agencies, there is a need to find ways to sustain developed capacity in the more stable settings of universities to ensure that human resources are not lost when administrations change or new personnel replace existing skilled staff. Kerski et al (2013) proposed ‘a multiyear international GIS in education virtual research center to promote and support research that is desperately needed … an established research base that develops GIS-based curricular efforts, teacher training programs, and advocacy documents well grounded in learning theory’ for improving GIS in secondary education. This study suggests a similar need for international collaboration at the tertiary education level. 
Conclusion
In this study a quantitative review of GISc education at African and Latin American universities was presented. Websites of 591 African and 876 Latin American universities were searched for GISc modules and/or degrees at undergraduate and/or postgraduate level. Despite the limitations of a website study (many university websites were broken), we believe that the study produced interesting results which would have been otherwise too expensive and time consuming. It also raises new interesting research questions to explore.
Results show that there are overall more universities and more universities per country in Latin America than in Africa, but percentage wise more African universities offer GISc education. Overall, there is one university with GISc education for every 6 million people in Africa and one for every 3.6 million people in Latin America.
This study focused on modules and degrees offered at universities; the quality and content of the education was not considered, neither were the number of enrolled students and graduates (throughput). The information obtained from this study could be used for further in depth studies about the content, quality and throughput in GISc education. For example, it would be interesting to compare the GISc education in technical programmes, such as cartographic engineering and surveying, with the GISc education in social sciences oriented geography programmes. 
The study casts significant doubt whether the demand for GISc in tertiary education is currently being met by local universities in Africa and Latin America. More in depth studies are required to evaluate the actual spatial patterns of demand and supply for GISc education, both currently, and as a propspective study for future demand. The results also lead to related questions about present and potential academic mobility within the field, as well as a basis for cost-benefit analyses for distance education or other virtual kinds of offerings to fill some needs. 
Furthermore, our study also raises interesting queries about where GISc programs are positioned in different national university contexts (affiliated with Geography Programs, housed in Engineering Colleges, or other departments), and to what degree these differences might attract students domestically or internationally.  Finally, we also wonder about the existence and viability of programs which our study may not have captured because they do not have visible enough websites to communicate with potential students.  Considering these questions and others, it remains clear that. collaboration and research among academics, researchers and industry representatives across countries and continents (as exhibited in this paper) can contribute to a better understanding of GISc education at the tertiary level. 
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