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This research is centered on demonstrating what is the actual situation of the Geographical Information Systems ( from now on GIS ) as a teaching subject in Spanish universities, in degrees, as well as stages of doctorate and post graduate studies. Most of the investigation has been done by accessing the web sites of different Spanish universities, research groups and higher educational institutions, meaning that the information used has been obtained from them. The analysis we are going to show will consist of 2 large sections. Firstly we will look at the Spanish university degrees, looking for those degrees which have as a subject GIS. We will also extend our investigations towards the so-called Technology of Geographical Information (TIG) which include the traditional subjects related to Cartography or those which have to do with positioning systems or capturing images from remote platforms ( ariel photography, remote sensing, GPS etc.). Once we have seen  the level of introduction of this type of  subject and  what degrees they appear in, we will concentrate on seeing how they are situated in the degree of Geography, which we form part of, and which we consider should demand a central part in the study, work and diffusion of GIS. ( Not in vain does the word “geographical” form part of the name). The second large section of this study will do a similar review, although concentrating on doctorates, post-graduate courses and masters, investigating the significance of GIS in the educational stage after graduation and noting which are the scientific specialities which are closest to its teaching and diffusion.

Finally we will summarize, reflecting on the teaching of GIS in Spain, trying to stress the positive aspects and denouncing those deficiences which, in our opinion, should be alleviated.

1. - The presence of GIS subjects in Spanish universities.

The presence of GIS subjects in Spanish universities can be seen in 20 different degrees (Table 1), all of which are more or less related to territory and therefore potential users of GIS for different analyses of territory and/or the transmission of cartographical information. Nevertheless, the subjects of GIS are far from present in all the universities in which these 20 degrees are taught. This occurs because each university, as well as having in their study plans obligatory subjects assigned to them by the Ministry of Education, have the independence to introduce a series of subjects as options, which they consider appropriate for the curriculum of degrees which they offer.

TABLE 1

Spanish degrees which have subjects related to Technology of Information Geographical (GIS, Cartography or Remote Sensing) and the percentage of universities in which each one of these types of subjects is present.

	Degree
	Univers.
	GIS
	Cart.
	A. Ph. & R. S.
	Any of the three

	Engineering in Geodesy and Cartography
	6
	100
	100
	100
	100

	Technical engineering in Topography
	11
	100
	100
	100
	100

	Geography
	26
	100
	96,2
	88,5
	100

	Environmental sciences
	31
	100
	19,4
	19,4
	100

	Technical engineering of Mines
	7
	57,1
	85,7
	14,3
	100

	Engineering of Mines
	4
	50
	75
	50
	75

	Agriculture engineering 
	16
	50
	50
	25
	62,5

	Technical engineer of Public Works
	11
	45,5
	72,7
	18,2
	100

	Geology
	9
	44,4
	55,6
	55,6
	77,8

	Geology engineering
	7
	42,9
	100
	42,9
	100

	Engineering mount
	7
	42,9
	42,9
	42,9
	57,1

	Technical Forest engineering
	8
	37,5
	75
	0
	75

	Engineering of Channels, Ways and Ports
	11
	36,4
	54,6
	0
	63,6

	Technical Agricultural engineering
	18
	22,2
	88,9
	50
	100

	Architect
	24
	12,5
	4,2
	0
	16,7

	Biology
	27
	7,4
	18,5
	7,4
	29,6

	Sociology
	18
	5,6
	0
	0
	5,6

	Turism
	49
	4,1
	4,1
	0
	8,2

	Humanities
	29
	3,5
	17,2
	0
	20,7

	Technical architect
	31
	3,2
	0
	0
	3,2

	Sciences of the sea
	5
	0
	20
	40
	40

	History
	34
	0
	2,9
	0
	2,9


Source: Webs of the diferent spanish universities. (GIS: Geographical Information Systems; Cart.: Cartography; A. Ph. & R. S.: Aerial Photography and Remote Sensing).


This shows that only 4 degrees  in Spain have GIS subjects in all the universities in which they are given (Table 1): Engineering in Geodesy and Cartography; Technical engineering in Topography; Geography; and, Environmental sciences. If we look further at other subjects related to those with TIG,  in which we include cartography, ariel photography and remote sensing, we only see an increase by 2 in the number of careers with subjects of this type. (Table 1).

These degrees aside, the presence of GIS is very irregular, although being in all cases below 60% of the existing degrees, those that have a GIS subject and in 7 of them below 20%, with a token presence in degrees such as Biology, Sociology, Turism, Humanities, Technical architect, although some of these degrees  have a large presence on Spanish campuses. (Table 1) It is surprising to see that  the existence of subjects of cartography and ariel photography and remote sensing is much higher than that of GIS in nearly all cases (Table 1). We think that the lack of diffusion and penetration of these subjects of GIS in Spanish universities has got a lot to do with the small amount of people who work with the technology of information geographical and, above all, the ignorance on behalf of a great amount of teaching staff and researchers of the potential of GIS to understand and explain territorial processes in the different disciplines which are implicated in the study of any kind of territorial component.


It is more expressive, even so, to note the situation of GIS in the degrees in which some subjects are given in this sector of knowledge. (Table 2) If we look at the percentage of the average  number of hours spent on GIS compared to the total of degrees in which it is present, the result is quite desolate. Its relative number is very low, even in those careers in which we had previously supposed it had a greater presence. Engineering in Geodesy and Cartography  is the degree which has the highest percentage (7%), but it is placed below the subjects of ariel photography and remote sensing, and even those of cartography, which exceeds the 30% of hours given in this degree. (Table 2). Technical Forest engineering and Geography, which are the next in importance, only dedicate 4.3% and 4% respectively of the hours of both degrees to the teaching of GIS. Geography being a particular case, having less presence than that of cartography.In general we can note that in the majority of degrees in which it is present, the significance of GIS subjects is almost a token. Its existence being reduced to one, or at most, two subjects, optional and half year  courses which do not usually exceed 4.5 credits (45 hours).
Table 2. Porcentage of teaching subjects related to TIG (GIS, Cartography or Remote Sensing) in the degrees in which these types of subjects exist in Spain.

	Degree
	% hours of GIS
	% hours of Cartogr.
	% hours of   A. Ph & R. S.

	Engineering in Geodesy and Cartography
	7
	31,1
	7,2

	Technical Forest engineering
	4,3
	2,7
	0

	Geography
	4
	5,3
	3,4

	Technical engineering in Topography
	3,8
	27,5
	4,7

	Turism
	3,3
	2,9
	0

	Humanities
	3
	1,7
	0

	Technical Agriculture engineering
	2,4
	3,2
	1,9

	Environmental sciences
	2,4
	2
	3,6

	Technical architect
	2,2
	0
	0

	Technical engineer of Public Works
	2
	4,8
	2,7

	Engineering mount
	2
	2,8
	3,2

	Technical MineEngineering
	2
	2,5
	1,3

	Sociology
	2
	0
	0

	Biology
	1,8
	1,7
	1,8

	Agriculture engineering
	1,4
	2
	1,3

	Geology engineering
	1,3
	3,7
	1,3

	Engineering of Channels, Ways and Ports
	1,3
	1,7
	0

	Geology
	1,1
	4,8
	1,3

	Mine Engineering
	1
	2,7
	0,8

	Architect
	0,8
	1,1
	0

	Science of the sea
	0
	2
	2,3

	History
	0
	2
	0


Source: Webs of the diferent spanish universities. (GIS: Geographical Information Systems; Cart.: Cartography; A. Ph. & R. S.: Aerial Photography and Remote Sensing).


Along these lines, and closing in on the presence of studying GIS in the twenty six degrees of Geography existent in Spain (Fig 1), we can point to a surprising diversity in the amount of hours that GIS is taught in a degree. This can vary between 300 and 325 credits (3,000 – 3,250 hours). We can find universities that teach between 45 and 60 hours (23% of Geography degrees) and others that exceed 200 hours (11.5%). The predominance is the 120 hours or more of GIS subjects (65%). Surprisingly this great disparity which can only can be considered acceptable .in the curriculms of the universities of Sevilla (11.5%), Pais Vasco (8%), and Complutense de Madrid (7%), being obviously insufficient in the remaing 23 Geography degrees. This is especially so if we take into account that more than 40% of the degree graduates in the last 10 years are working in jobs directly related to GIS and automatic cartography. This comes from information gathered in a poll carried out by members of the department of Geography at the University of Santiago de Compostela (Martí, Pazos y Santos, 2007) which concurres with previous studies which insist on the importance of GIS  in the job market. (Tarroja, 2004; Farinós, 1999).

Figure 1. Spanish universities with Geography degrees (1) and hours given to GIS,Cartography, and in Ariel Photography and Remote Sensing in the Spanish Geography degrees.
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Source: Webs of the diferent spanish universities.

(1) 1.-Santiago de Compostela; 2.-Oviedo; 3.-Cantabria; 4.-País Vasco; 5.-Girona; 6.-León; 7.-Zaragoza; 8.-Autónoma de Barcelona; 9.-Barcelona; 10.-Lleida; 11.-Rovira i Virgili (Tarragona); 12.-Valladolid; 13.-Salamanca; 14.-Complutense de Madrid; 15.-Autónoma de Madrid; 16.-Illes Balears; 17.- Extremadura; 18.-Valencia; 19.-Castilla-La Mancha; 20.-Alicante; 21.-Murcia; 22.-Sevilla; 23.-Granada; 24.-Málaga; 25.-La Laguna (Tenerife-Canary Islands); 26.-Las Palmas (Canary Islands).


We see a less critical panorama if we look at the subjects of cartography (Fig. 1): 35% of Spanish geography degrees have more than 200 hours of this type of subject. However, the proportion of those that present 120 or more hours of cartography (61.5%) is inferior to those that have this taught in GIS. Finally, with respect to the subjects of photointerpretation and remote sensing, the situation is even more worrying (Fig 1). Only one degree, that of Seville, gives more that 200 hours of this subject. It is , without doubt, the Spanish university with the best bid for the formation of its students in TIG. This circumstance reflects in the offers of employment of its graduates, which is very superior to other Spanish universities.

2. Analysis of the offers of Postgraduate courses, Doctorates and Masters.


At the present time, Spanish universities, as well as a great number of European universities, are finding themselves in a period of educational reform, derived from the so-called “Bolonia Agreement”. This is why an organised reorganisation is being carried out in the teaching programmes. The aim being to standardize university teaching and create a European educational space. This new concept will affect both the degree and post graduate study. In the case of the post graduate, we have courses previous to the reform process alongside others adapted to the new teaching environment.


Doctorate courses (a two year course leading exclusively to the title of Doctor), find themselves in a disappearing process. It is surprising to see a relatively large offer in educational matters relating to the production of and/or the management of cartographic information. (Table 3).

Table 3: Relation of the doctorate programmes imparted by the Spanish universities in geographic information and cartography (period of two years 2005-07).

	Degree (Department)
	University.
	Name of the doctorate

	Geography
	Alcalá
	Cartography, GIS and Remote Sensing

	Geographical engineering and Technologies(Skills) of graphical expression
	Cantabria
	Science and technology of the geodesic and cartographic engineering

	Mathematics
	Alcalá
	Science and technology of the geodesic and cartographic engineering

	Physics of the land, astronomy and astrophysics
	Complutense de Madrid
	Science and technology of the geodesic and cartographic engineering

	Cartographic engineering. Geodesy and aerial map-making
	Jaén
	Science and technology of the geodesic and cartographic engineering

	Cartographic engineering. Geodesy and aerial map-making
	Politécnica de Valencia
	Science and technology of the geodesic and cartographic engineering

	Graphical architectural expression and engineering
	Granada
	Graphical expression, cartography and urban project

	Cartographic engineering. Geodesy and aerial map-making
	Politécnica de Madrid
	Aerial map-making, teledetección and graphical engineering

	Cartographic engineering. Geodesy and aerial map-making
	Politécnica de Valencia
	Cartography, GIS and Remote Sensing

	Cartographic engineering. Geodesy and aerial map-making
	Politécnica de Madrid
	Geodesy and “geomática”

	Cartographic engineering. Geodesy and aerial map-making
	Cantabria
	Cartographic engineering and technologies(skills) of graphical expression

	Computer science
	Pontifica de Salamanca
	Computer engineering. GIS.

	Rural engineering
	Almería
	Technologies(Skills) of graphical representation and design of the rural engineering

	Graphical engineering and systems of geographical information
	Córdoba
	Technologies(Skills) of graphical representation and design in the engineering and geomática


Source: Webs of the diferent spanish universities

Of all the doctorate programmes offered, only one is organized by a department of geography: that of Alcalá de Henares. The great majority match technical courses, (polytechnic and engineering departments, and even departments directly related to mathematics). The GIS form part of a wider educational offer, directly related to geodesica engineering or the technology of cartographic expression. The fundamental profile is linked to the production of geographic information, its treatment and possible graphic representation; while greatly lacking courses orientated towards the analitical possibilities and support to the research and investigation which  GIS allows.


The possibilities of applying the GIS to territorial analysis are fundamentally given, in a widespread manner, in courses of Doctorate of Geography. (Table 4). The offers of GIS subjects in Spanish universities (except Alcalá) are pracically testimonial, with the exceptions of Complutense of Madrid, Zaragoza and Valencia. As we saw in the previous section, these are where the students have the greater number  of classes in these subjects.  Formative courses  are planned related to the possibilities of application of GIS in the management of natural  spaces, in the management of risks, or in the possibility of being used in the drawing up of territorial plans.

Table 4. Relation of the doctorate programmes imparted by Geography departments in Spanish universities and teaching material related to GIS (Period of two years  2006/07)

	University
	Credits imparted
	Educational Orientation

	
	nº
	%
	Fundamental
	Aplication

	Alcalá
	108
	100
	x
	x

	Alicante
	12
	5.6
	x
	

	Complutense de Madrid (Geographical Regional analysis)
	3
	7.3
	
	x

	Complutense de Madrid (Geographical Regional analysis) 
	10
	16.6
	
	x

	Extremadura 
	3
	6.6
	
	X

	Granada-Málaga (*)
	6
	6.2
	
	x

	La Laguna-Las Palmas (*)
	4
	10.5
	
	x

	Murcia
	6
	15.3
	
	x

	Oviedo
	0
	
	
	

	Santiago
	3
	5.7
	
	x

	Sevilla (**)
	
	
	
	

	Valencia
	9
	13.6
	
	x

	Valladolid
	0
	
	
	

	Zaragoza
	14
	20.8
	x
	x


Source: Webs of the diferent spanish universities.

(*) Doctorate shared between two or more universities.

(**) Carace of information in the web

Table 5. Relation of Master programmes imparted by Spanish universities specializing in geographical information and cartography.

	Degree (Department)
	University
	Title of the Master

	Geography
	Girona
	GIS (*)

	Física de la Tierra y termodinámica
	Valencia
	Remote Sensing

	Politécnica de Madrid
	Politécnica de Madrid
	Practical applications  of GIS

	Geography
	Autónoma de Barcelona
	Technologies of the Geographical Information

	Geography
	Alcalá
	Cartography, GIS and Remote Sensing

	Geography
	Zaragoza
	Technologies of the geographical information for the land management: GIS and Remote Sensing

	Geography
	Barcelona
	Cartographic production and GIS


Source: Webs of the diferent spanish universities.

(*)Given distantly.


As regards to the Masters, (educative offer of one or two years depending on the type of Master and leading to a title of  Specialist) the actual situation is relatively complex because of the co-existence of two types of Master. The so-called     “official Master”   (organized and carried out by the university and adapted to the programme requirements of Bolonia) and the so-called  “own Masters” (organized and imparted in the same way by the university although not related to the Bolonia process and which the university awards its own specific title).


In this case the presence of geography in its organization is more significant. We have a more encouraging  scene which, without doubt, derives from an auto reflexion of geography as a subject which is looking for an orientation more applied to its formative profile, which  derives from a larger  penetration of its students in the professional non-teaching world. Various departments have this educational offer. Once again Alcalá is significant,  also a Master, now traditional, at distance in Gerona. Its educational profile again orientates towards application in the large area of territorial planning. Equally in other Masters and post graduate courses of geographic orientation not specifically in the field of geographic information, formative modules of GIS are imparted from the perspective of its application. This is the case of the University of Barcelona with “Territorial planning and environmental  management” , Seville with “Arrangement and management of the territorial and local development”, Pompeu Fabra with “Territorial and urbanistic studies”. 


The offer by geography departments following Masters covers, to a certain point, the large teaching deficiences which have been identified in the first stages of  university. However, this still weak university offer has made possible, by the increasing use of GIS  and Technologies of the Geographical Information,  that many different types of organizations such as public businesses, administrations, schools and professional associations, private formative businesses etc., have made formative offers directly related to these matters. This situation has derived in an offer in which in many occasions is scattered, of irregular quality and repetitive, and which doesn’t favour the organization of a stable, educational system.

Conclusion


In relation to the shown data, we can clearly see the lack of importance that the subjects of GIS, cartography and remote sensing hold in Spanish universities in general. This also aplies to the degrees most closely related to them, such as Geography. What is more, in the majority of cases they are treated as optional subjects  and with few credits.


In the case of the geography degree, only a few universities, (Seville, Pais Vasco and Complutense de Madrid), have a relevant presence of this type of subject which makes their degrees the most competative in the actual job market, with good employment possibilities for those with a knowledge of GIS. This situation is demonstrated in degrees as well as the postgraduate formation.

This situation is explained by having relatively new subjects which clash with a rigid university structure and teaching staff of an advanced age incapable of adopting technological advances introduced in the study and analysis of territory. In the future it will be necessary  to achieve a greater inplantation of these formative contents, promoting the integration of geography, concentrating on the application of TIG in the territorial analysis, with technical profile careers, concentrating more on the development of GIS software and in the construction of the different types of information. This fact leads to the integration and solid formation in the field of TIG. This is absolutely necessary  to provide the Spanish university system of an education and high  quality professionals in the field of GIS. 
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