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Abstract
The purpose of this research is to conduct a comparative analysis of the education systems performance in Spain from a
geomatic and cartographic perspective. Currently, the rapid technological changes and the globalization of the
economy require that each country train and educate their young people for a knowledge based society in order to cope
and meet adequate living standards of their citizens. It is a real challenge to identify the characteristics of the best
performing education systems. This, in turn, may be useful to support educators and policy makers in different
scenarios.
Though there are many studies carried out about this research topic, they are focused in a mathematical, economical or
sociological perspective. However, in this work we followed a geomatic and cartographic approach. Spain is a highly
decentralized country since the last Constitution in 1978 and the education competences were transferred to the
regional governments. This research was possible because the availability of many education statistics and indicators
which are gathered regularly by national agencies and international organizations (OECD, Eurostat, World Bank).
These education statistics, together with some relevant socioeconomic data, were linked to base maps and structured in
a GIS database.
Within the GIS framework multiple geomatic products were obtained: thematic maps, 3D models, virtual globes and
animations. These were helpful tools to identify patterns and relationships, find evidences and detect changes. All these
elements were very useful to compare and evaluate the regional education systems performances and their relations
with the socioeconomic systems. The discussion of the results allowed us to identify the characteristics of the most
successful and efficient policies and practices. These findings might be useful for education experts and policy makers
when considering new strategies to increase the possibility of success in the management of complex systems such as
the education system.
Keywords: Cartography, GIS, spatial analysis, education system performance, education quality, Spanish education
systems

1. INTRODUCTION
The education system performance is a structural and strategic feature in every country. It plays a crucial role when
trying to achieve the highest sustainable economic growth and employment. Nowadays, the rapid and complex
technological developments, and the globalization of the economy, require that each country train and educate their
young people for a knowledge based society in order to cope and meet acceptable or adequate living standards of their
citizens.
This relevant topic has been extensively addressed in the literature. In this respect, the influence of the education results
in the society is well expressed by Belfield (2008): “low educational attainment is associated with significant economic
costs for private individuals, for taxpayers, and for society. Higher education levels are associated with higher
earnings, increased labour market participation, better health status, and improvements in family decision-making”.
Because its importance, and in order to organise and manage this complex phenomenon, many education statistics and
indicators are gathered regularly by international organizations (OECD, Eurostat, World Bank, United Nations, etc) and
national agencies (ministry of education, Spanish statistical office). Though most politicians and people, in every
country, would declare that “education is very important”, in practice, there are significant differences in the policies,
strategies and their implementations. This, in turn, produces distinct results in relation to the quality, efficiency and
equity of the individual education systems.
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As far as Spain education system is concerned, some weaknesses, such as high repetition and early school leaving rates,
have been identified. Besides the huge social cost, the economists Garicano & Roldán (2015) estimate the economic
cost of repetition in around 2500 million Euros, which means about 8% of education expenditure. The early school
leaving (ESL) rate in Spain was the highest in EU28 in 2014, according a report published by the Ministry of Education
(MECD, 2015). As described in this report, the ESL rate in Spain has move from 32.2% in 2004 until 21.9% in 2014.
Though the ESL rate has been reduced significantly in the last years, Spain is still too far from the 10% target set by the
European Union for the year 2020. One of the possible factors that might have contributed to this situation is the
difficulty to reach consensus among the different political parties. Since 1980, seven Education laws have been
published in Spain being the LOMCE (Ley Orgánica para la Mejora de la Calidad Educativa) the last published in
2013. This situation has provoked a permanent debate among the different political parties, in the media and in the
society as a whole.
Because the availability of so many education statistics and indicators, and the above mentioned reasons, it might be
worth considering the integration of all this data within a GIS environment. This, in turn, would allow carrying out
some analysis from a geomatic and cartographic perspective and gain some insight about the differences in performance
of the distinct regional education systems. Spain is a highly decentralized country since the last Constitution in 1978.
Because of that, education competence, as many others, was transferred to the regional governments. These are made up
of 17 regional government and two autonomous cities. In this context, we could raise the research question: What are
the different regional education systems performances like, and what are their potential influences in their respective
socioeconomic systems?

2. MATERIALS AND METHODS
Though many studies have been carried out about this research topic, most of them are focused in mathematical,
economical or sociological perspective, which use graphs and diagrams to visualize the results. These papers often
study some particular problem like the costs of early school leaving (see Belfield 2008 and Brunello and De Paola
2013) or other similar subject of interest. In this work, it is proposed a supplementary approach, by using mapping and
GIS methodologies, in order to make the analysis of complex phenomena.
As mention earlier, multiple education statistics and indicators are collected regularly by international organizations and
national agencies. Among these, it is worth mentioning the data collected by Organization for Economic Co-operation
and Development (OECD) in its different projects. Some of the OECD relevant programmes are:


Programme for International Student Assessment (PISA). Published every three years since the year 2000.



Education at a Glance. OECD Indicators. This is published every year.



Programme for the International Assessment of Adult Competencies (PIAAC).

PISA assesses the extent to which 15-year-old students have acquired key knowledge and skills that are essential for
full participation in modern societies. This programme is also considered as the world’s global metric for quality, equity
and efficiency in school education. Angel Gurría (OECD, 2013), Secretary-General of the Organization for Economic
Co-operation and Development, states the goal of this programme as follows:” By identifying the characteristics of
high-performing education systems PISA allows governments and educators to identify effective policies that they can
then adapt to their local contexts.”
After the literature review stage, a workflow was outlined to integrate all the relevant information. In this study many
education statistics and indicators from PISA 2012 and the Spanish ministry of education were used. Some other
socioeconomic variables were also selected from the Spanish statistical office database (www.ine.es ). All these
statistical data were linked to base maps and integrated within a GIS environment (ArcGIS 10.1). The base maps were
downloaded from the national mapping agency (www.ign.es ).
During the initial explanatory phase, more than one hundred digital maps and models were produced attempting to
represent the different education statistics and indicators. However, when reading and analysing the different
distributions and spatial patterns, some maps proved to be more meaningful and useful the others. Thus, in a second
stage, and in order to assess the performance of the different education systems in Spain, a more specific collection of
maps and models were designed and produced. Some of these are presented in the results section and their contents
analyzed separately. Further on, during the discussion section, all the maps will be integrated in a schematic model to be
discussed, in a combined manner, and to draw up the main findings and conclusions.
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3. RESULTS
GIS technology provides a dynamic and flexible map production environment. However, it should underline that
cartography is not only about designing and producing maps, but also, about reading and understanding maps.
Understanding cartographic communication is the starting point for both map design and usability analysis. Considering
the basic cartographic principles, as proposed by Jacques Bertin (1981, 1983), is crucial in any mapmaking process.
Spatial Analysis tries to explain what happens, where it happens, and why it happens.
The PISA 2012 survey focused on mathematics, with reading and science as other areas of assessment. Unfortunately,
three regional governments (Islas Canarias, Castilla la Mancha and Valencia) and the two autonomous cities (Ceuta
and Melilla) did not take part in this study. In short, only the fourteen remaining regional governments appear in some
of the maps and participate in this comparative evaluation. In others cases, the data was available for all the 17 regional
governments. Hopefully, in the upcoming publication of PISA 2015 these shortcomings will be solved.

Figure 1. Map with 2012 PISA Results (low and top performers) vs Repetition rate.
The first map, shown in figure1, tries to represent and analyse the relations between two PISA 2012 education
variables: results and repetition rate. The results are shown by means of proportional symbols which represent the
average of shares of low and top performers in the three evaluated subjects: mathematics, reading and science. The map
reading could lead to the following interpretations:


General pattern: in all the regional governments the share of low performers (or underachievers) is higher than
the share of top performers (or excellent students). This may also happen in the all the PISA countries, though
in Spain the percentage of excellent students is slightly below OECD average.



Zonal Pattern: There is a clear North-South pattern. In the South the results are worse that in the North as
shown by the larger differences in the low and top performers shares.



Relationship: the regions with poor academic results, that is to say with high percentages of underachievers
and low shares of top performers tend to produce high repetition rates. This happens in southern regions like
Extremadura (Ext), Murcia (Mur), Andalucía (And) and Islas Baleares (Bal) where it seems there is a deficit
of excellent students in comparison with the northern regions.
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Figure 2. a) ESL vs Repetition, b) ESL vs Unemployment, c) ESL vs GDP per capita.
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As mentioned earlier, early school leaving (ESL) is too high in Spain. This seems to suggest some particular study in
relation with other education and socioeconomic variables. Eurostat and the European Commission define early school
leaving as the situation that occurs when an individual aged 18 to 24 has attained at most lower secondary education
and do not continue with further education and training. The reduction of early school leaving to less than 10 percent of
the relevant population by 2020 is a main target in the Europe 2020. Figure 2 contains tree models which attempt to
analyze early school leaving in relation with other variables. To make the interpretation and comparison easier, the ESL
variable is shown as extrusion or vertical extension of any of the blocks, in the same manner in all 3D models, and with
the same perspective view which is roughly NE-SW. Keeping this in mind, the other variables appear represented with
its corresponding color ramp. The polygons or blocks represent the regional governments. After this explanatory
information we could interpret the different models:
Model a). Early School Leaving 2012 vs Repetition Rate 2012 (education variables). This model shows an apparent
clear relationship where areas with high repetition rates (dark colors) tend to have large values in early school leaving
(higher blocks) as it happens in the southern regions: Extremadura, Murcia, Andalucía and Islas Baleares. The opposite
pattern can be appreciated in northern regions like País Vasco and Navarra.
Model b). Early School Leaving 2012 (education system variable) vs Unemployment 2012 (social system variable). In
this model, the analysis of the visual patterns seem to reveal a relationship where high early school leaving values
(higher blocks) appear to be connected with high unemployment values (darker colors). There seems to be a NorthSouth global pattern with a positive low-low relationship in the North (País Vasco and Navarra) and a negative highhigh relationship in the South (Andalucía, Extremadura, Islas Canarias). A possible interpretation might be that the bad
performance of the education systems (high ESL) in the southern regions tends to produce a social cost in terms of
higher unemployment rates.
Model c). Early School Leaving 2012 (education system variable) vs GDP per capita 2012 (social system variable). In
this model the high ESL values (higher blocks) appear visually related to low GDP per capita values (light colors) as it
happens in the southern regions (Andalucía, Extremadura). The reverse pattern can be identified in Madrid and some
northern regions like País Vasco and Navarra. That is to say, if young people exit the education system, without the
required knowledge and skills (high ESL), may have greater difficulties to find a well-paid job. It might also be said
that a deficit in human capital tends to weaken the economy.

Figure 3. Map with Unemployment Rate 2012 vs Education level of jobless
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The map in figure 3 try to analyze the unemployment rate in every region in relation to the education level (primary,
lower secondary, upper secondary and tertiary education) of their unemployed people between 25 and 64 year old. The
map reading could lead us to following interpretations:


General pattern: The education level of the people significantly increases their accessibility to the job market
and reduces unemployment values. This seems to happen in all regions regardless of their unemployment rate.



Zonal Pattern: The higher the unemployment rates in a region the greater the influence of the education factor
as shown by the slope of the bar graphs in the southern regions where the unemployment share decreases
quickly as the education level increase. That is to say, the scarcity of jobs tends to favors the educated people.



Final Interpretation: Maps like this one might prove that, in general, education is a good investment from a
personal, familiar and social perspective.

Figure 4. Map with Expenditure per Student 2012 vs PISA Results 2012.
The map in figure 4 attempts to analyze the relationship between the expenditure per student and the 2012 PISA results
portrayed as average of low and top performer shares. During the map reading process some patterns could be
appreciated:


General pattern: There seems to be a kind of “general pattern” where the higher the investment per student the
better the results, being País Vasco (PVa) and Navarra (Nav) good examples of high-high relationship. The
opposite relationship (low-low) can be appreciated in Andalucía (And).



Particular cases: In this context, Madrid (Mad) could be perceived as a positive deviation of the general
pattern, with good results and low investment, while Islas Baleares (Bal) as the case of negative deviation with
the opposite pattern. These cases, in turn, could be interpreted as examples of good or bad management
respectively, or simply, the presence of some other hidden factors.



Warning: The validity of education expenditure benefits is only applicable above a minimum and till a certain
extent. A more in depth analysis will be made in the discussion section, in conjunction with the
“socioeconomic context” in education, and when evaluating the interaction among different variables.
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Though the main is focus is in modeling the education and socioeconomic system variables in the year 2012, some
other supplementary hypothesis have been tested through the next maps.

Figure 5. Map with 212 PISA Results vs Unemployment growth 2006-2013.
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Figure 6. Map with 212 PISA Results vs Book Reading percentage.
The Spanish economy grew a lot during the period 1995-2007. Afterwards, the international economic crisis, combined
with “Spanish bubble” in the construction sector, produced a tremendous unemployment growth. According to the
Spanish statistical office database (www.ine.es ), the unemployment rate increased in Spain from 7% in 2006 until
23.2% in 2013. However, a significant decrease is observed in the period 2014-2015. In this context, the map in figure 5
has been produced in an attempt to assess whether the academic results could be an indicator of the socioeconomic
strength or weakness in events or periods of economic crisis. For this purpose the 2012 PISA results were mapped
against the unemployment growth in the period 2006-2013. The results layer in this map is represented by the
percentage of excellent students in mathematics, reading and science, which are the subjects evaluated in PISA. The
main interpretation of this map’ contents could be described as follows:


The results seem to be much better in the northern regions. In other words, the results are worse in the southern
regions as shown with significant differences in excellent students in the three subjects.



This deficit of excellent students or top performers in the southern regions appears visually correlated with
high unemployment growth in the period 2002-2012 (darker areas).



So, until certain extent, we might say that PISA academic results behave as a kind of indicator of the strength
or weakness of a regional government, in event of economic crisis, as shown by the variation in the
unemployment shares.

According to education experts like Marina (2015): “the quality of an education system is correlated with the reading
level of a society”. To test this hypothesis the map in figure 6 was produced. In this map the 2012 PISA results are
mapped against the book reading percentage. This variable was collected from a study about reading and buying books
habits in Spain in 2012. The study evaluates the percentage of population who was 14 or more years-old and read
regularly books in their leisure time. The study was carried out by Federation of Editors in Spain in collaboration with
the Ministry of Education, Culture and Sport (FGEE, 2013). The analysis of the map content could lead us to the
following pattern identification:


In general, it appears a North-South pattern though there are some regions with more evident relationships.
Roughly speaking, Marina’s hypothesis tends to be true.
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Madrid and País Vasco are clear examples of positive relationships between good academic results and high
reading percentage. The opposite pattern, with poor academic results and lower reading habits, can be
observed in south regions like Extremadura, Andalucía and Murcia.

4. DISCUSSION AND CONCLUSIONS
During the literature review the large number of education statistics and indicators available from international
organizations and national agencies made it clear the complexity of the research matter. In this context, as a preliminary
phase, more than one hundred maps within a GIS environment were produced trying to identify the most relevant
aspects. In this stage, some maps proved to be more meaningful and useful than others in the pattern identification
process and the relevance of the relationships found. For this reason, a specific group of maps were designed and
produced. Some of these maps and models were individually commented in the results section and others in a previous
paper (Pérez-Gómez et al, 2015). In order to analyze and discuss all the maps and models in a combined manner, or
more holistic approach, a general schema has included in figure 7. This schema attempts to combine the most relevant
observed patterns and relationships in order to gain further understanding in the assessment of regional education
systems performances and their influence in their respective socioeconomic systems. Using the schema as a guideline,
some possible interpretation of the previously described cartographic patterns could be the following:
a)

About the education system variables. It seems that whenever a student gets bad results, for any personal,
familiar or social reasons, the subsequent effects also tend to be negative with repetition events and,
eventually, early school leaving (see figures 1 and 2a). This may be perceived as a kind of “friction” that
prevents the student to develop his full potential during the learning and training activities.

b) Interaction between education and socioeconomic variables. A string of low performances in the education
system tends to produce negative impacts in the socioeconomic system, as long as unemployment and income
per capita are concerned (see figures 2b and 2c). This could be seen as a “negative circle” of bad dynamics that
we may need to look into. Of course, it also occurs the “positive circle” of good dynamics, starting in good
results. Each education system has its own frequency distribution of good and bad dynamics. In any case,
measures to reduce repetition and early school leaving must be adopted to improve the performance of any
education system in terms of efficiency and quality.

Figure 7. General schema connecting map contents relationships.
c)

The education system performance has a direct influence in the education level of the working population over
time. This, in turn, will have a straight impact in the unemployment shares (see figure 3).

d) Mapping PISA results against socioeconomic variables. The interpretation clearly show how poor academic
results appear closely connected to low income per capita and high unemployment. This is the well-known
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“socioeconomic context” widely described in the literature in OECD reports or by education experts
(Melgarejo, 2013). In a communication report in December 2013, the Spanish Ministry of Education
(www.mecd.gob.es ), estimates that 85% of the differences in the 2012 PISA results are due to socio-economic
disparities among them. So, the education and economical level of the parents tend to have and strong
influence in the students ´results. This will likely be so, unless the education system considers measures for the
more disadvantaged students and families. So, it is now the socioeconomic context what influences the
education system via de academic results. Combining both circles, it could be interpreted that poor academic
results, at a certain time, may be induced by inadequate unemployment and economic level of people in the
area. This, in turn, may contribute, in the middle and long term, to negative influences in the social system. In
short, the good or bad performance of the education system tends to fortify or debilitate the socioeconomic
system. So, it seems we may need to manage the mutual influence between the two systems in order to
minimize the negative effects and maximize positive outcomes.
e)

An adequate “expenditure per student” as a measure to improve academic results at a short term (see figure 4)
and, in the middle and long term perspective, to reduce unemployment and increase income per capita.
However, money is not enough and the validity of this variable is only to a certain extent. According to many
authors (e.g. Melgarejo, 2013; Marina, 2015; Garicano et al, 2015) after a certain amount in education
expenditure of around 5 to 5.5.% of GDP, what it really matters is the competence and motivation of the
teachers, the quality in management of the education centers. They also point out the importance of an stable
judicial framework reached by education laws developed as a consensus among the different political parties,
education experts and the society as a whole as it was made in countries like Finland. The seven education
laws published in Spain since 1980, and the lack of consensus in this matter, maybe one of the reasons of
some of the weaknesses.

f)

The comparison of PISA results with unemployment temporal data (see figure 5) seems to suggest that the
academic results could behave as a kind of indicator of the strength or weakness of any regional government
socioeconomic system during periods of economic crisis.

g) The final map (see figure 6) appears to confirm, in general terms, Marina´ hypothesis that “the quality of an
education system is correlated with the reading level of a society”.
This cartographic approach is, somehow, supplementary to many other mathematical, sociological and economical
studies conducted about this relevant research topic. However, maps and models can behave as powerful images to
illustrate policy makers how investment in education may be, to a certain extent, a good strategy to work against
unemployment and increase the standard of living of their citizens. During this study a clear North-South pattern was
observed in Spain when analyzing multiple education and socioeconomic variables. As this two systems influence each
other, we may need to pay attention in the future to their mutual influence and find evidences to improve the
management of education systems. This is important because the quality of the education systems, in a country or
region, may be seen as an indicator of its level of development and its present and future social welfare.

5. RECOMMENDATIONS
As education is a very complex phenomenon, with many factors and interactions to be handled, it may be suitable to
address its study in an iterative approach. The work described in this paper may be continued in several ways:


As the PISA 2015 results are to be published soon, the new datasets and reports will open opportunities to
continue and complete this study further on.



It might be interesting the creation of a “cartographic observatory of the education”. This observatory could
design and produce collection of maps and thematic atlases in order to contribute to the understanding and
dissemination of the most relevant aspects, as shown in this paper. These maps, in turn, could be valuable tools
or inputs for education experts and policy-makers.



This cartographic and geomatic approach may be combined with some other mathematical analysis and the
inputs of some education experts in a more multidisciplinary approach.
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